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Resum 
Aquest document conté el tercer i últim annex del projecte. El seu contingut és el codi font 
del programari Pro Scheduling, utilitzat per a executar el procediment descrit en el capítol 
5 de la memòria. El llenguatge de programació utilitzat ha estat Visual Basic 6.0. 
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1. ANNEX 3. CODI FONT 
module1.bas 
Option Explicit 
'-------------------------------------------------------------------------------------------- 
'DECLARACIONS 
'-------------------------------------------------------------------------------------------- 
Public Const min_maquines = 3 
Public Const max_maquines = 10 
Public Const min_productes = 8 
Public Const max_productes = 15 
Public Const min_comandes = 15 
Public Const max_comandes = 25 
Public path As String 'Ruta de l'arxiu de dades 
Public path2 As String 
Public n_exemplars As Integer 'Nombre d'exemplars continguts a l'arxiu de dades 
Public exemple As String  'Exemplar amb el que es treballa 
Public exempleAuto As Integer 
Public n_comandes As Integer 
Public n_productes As Integer 
Public n_maquines As Integer 
Public contingut_linia As String 
Public registre_aux(1 To 60) As String 'Guarda el contingut del registre en el procés de 
lectura 
Public registre_aux_elements As Integer 'Guarda el nombre de posicions que ocupa el 
registre 
Public m_pt() As Currency 
Public estat_inicial() As Integer 
Public maquina As Integer 'Màquina de la que es vol veure els temps de canvi 
Public temps As Long 
Public retard_minim As Long 'Mínim retard obtingut durant el procés 
Public t As Long 
Public aux() As individu 
Public solucions_optimes() As Integer 
Public solucions_optimes_no_ordenades() As Integer 
Public valors_solucio_ga() As Currency  'Vector que guarda el valors de la solució de 
solucions() 
Public crossover1 As Currency 
Public crossover2 As Currency 
Public creuament As Integer 
Public offspring() As Integer 
Public valors_fitness_ga() 
Public poblacio_ga As Integer 
Public iteracio_ga As Long 
Public eleccio_cromosoma() As Long 
Public solucio_optima As Boolean 
Public nombre_solucions_optimes As Integer 
Public evolucio() As Long 
Public optims As Integer 
Public informacio() As Currency 
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Public mitja_informacio() As Currency 
Public assignades As Integer 
Public retard() As Long 
Public individu As Integer 
Public canvi As Long 
Public canvi2 As Long 
Public retard_ga() As Long 
Public heuristicaAED As Boolean 
Public creuament2p As Boolean 
Public mutacio_monoprocessador As Boolean 
Public regeneracions As Integer 
Public w1 As Double 
Public w2 As Double 
Public sentit_AED As Boolean 
Public prob_mutacio As Double 
Public diferenciacio As Double 
Public c_max As Long 
Public fitness_c_max As Boolean 
Public auto As Boolean 
Public aconseguit As Boolean 
Public t1 As Date, t2 As Date, t3 As Date 
Public t4 As Integer 
Public t5 As Date, t6 As Date, t7 As Date 
Public t8 As Integer 
Public t100 As Long 
Public experiencia() As Long 
Public Timer1 
Public Type comanda 
    nombre As Integer 
    producte As Integer 
    quantitat As Long 
    due_date As Long 
    CR() As Currency 
    prioritatDD As Integer 
    prioritatCR() As Integer 
    retard As Long 
    maquina As Integer 
    temps_inici As Long 
    temps_final As Long 
    ordre_retard As Integer 
End Type 
 
Public Type maquina 
    nombre As Integer 
    actual As Integer 'La comanda que està a la màquina actualment 
    propera As Integer 'La propera comanda que farà 
    quantitat As Integer 
    seleccio() As Boolean 'Indica si la màquina pot fer el producte 
    temps_canvi() As Integer 
    seleccionada As Boolean 'Indica si la màquina ha estat selecionada 
    assignades() As Integer 
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End Type 
 
Public Type individu 
    gen() As Integer 
    retard As Long 
    fitness As Currency 
    fitness_c_max As Currency 
    duplicat As Boolean 
    corregut As Boolean 
    c_max As Long 
End Type 
 
Public comandes() As comanda 
Public maquines() As maquina 
Public poblacio() As individu 
Public son As individu 
Public daughter As individu 
 
Public Sub procOberturaFitxer() 
Dim i As Integer 
 
Open path2 For Input As #1 
Input #1, n_exemplars 
procLecturaCapAuto 
MDIForm1.StatusBar1.Visible = True 
MDIForm1.StatusBar1.Panels(2).Visible = False 
MDIForm1.StatusBar1.Panels(3).Visible = False 
MDIForm1.StatusBar1.Panels(1).Text = "m=" & n_maquines & ", n=" & n_productes 
If auto Then 
    Form9.Show 
Else 
    Form2.Show 
End If 
End Sub 
 
Public Sub procLecturaConjuntDades() 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim p1 As Integer, p2 As Integer 
Dim contingut_linia As String 
Dim contingut_linia_anterior As String 
Dim nombre_linia As Integer 
Dim elements_tc_llegits As Integer 'Determina el final de la lectura 
Dim elements_tc As Integer 
Dim maquina_llegida As Boolean 
 
maquina_llegida = False 
 
While Not EOF(1) 
    'Nombre de productes i de màquines 
    contingut_linia_anterior = contingut_linia 
    Input #1, contingut_linia 
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    procLecturaRegistre contingut_linia 
    nombre_linia = nombre_linia + 1 
    n_productes = registre_aux(1) 
    n_maquines = registre_aux(2) 
     
    'Buscar l'exemplar 
    Input #1, contingut_linia 'Lectura de la següent línia 
    If contingut_linia = 1 Then 
        contingut_linia_anterior = 0 
        If exemple = 1 Then 
            GoTo seguent 
        End If 
    Else 
        contingut_linia_anterior = Val(contingut_linia) 
    End If 
    Do While contingut_linia <> exemple Or Val(contingut_linia_anterior) < exemple '= 
exemple 'Abans < 
        'Asseguro que no confonc el nombre de línia amb el de comanda 
        contingut_linia_anterior = contingut_linia 
        Input #1, contingut_linia 
    Loop 
seguent: 
    'Lectura del nombre de comandes 
    contingut_linia_anterior = contingut_linia 
    Input #1, contingut_linia 'Avenç d'una línia 
    n_comandes = contingut_linia 
    ReDim comandes(0 To n_comandes) 
     
    'Lectura de l'estat inicial de les màquines i del nombre de màquines 
    contingut_linia_anterior = contingut_linia 
    Input #1, contingut_linia 
    procLecturaRegistre contingut_linia 
    nombre_linia = nombre_linia + 1 
    n_maquines = registre_aux_elements 'Nombre de màquines 
    ReDim maquines(0 To n_maquines) 
    ReDim estat_inicial(1 To n_maquines) 
    For i = 1 To n_maquines 
        maquines(i).actual = registre_aux(i) 'Estat inicial de les màquines 
        maquines(i).nombre = i 
        estat_inicial(i) = registre_aux(i) 
    Next 
     
    For i = 1 To n_maquines 
        ReDim maquines(i).assignades(1 To n_comandes) 
    Next 
     
    'Lectura comandes: nombre, quantitat i due date 
    For i = 1 To n_comandes 'nc_pt 
        Input #1, contingut_linia 'Avenç d'una línia 
        procLecturaRegistre contingut_linia 
        For i2 = 1 To 3 
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            Select Case i2 
                Case 1 
                    comandes(i).producte = Val(registre_aux(i2)) 
                    If comandes(i).producte > n_productes Then 
                        n_productes = comandes(i).producte 
                    End If 
                Case 2 
                    comandes(i).quantitat = Val(registre_aux(i2)) 
                Case 3 
                    comandes(i).due_date = Val(registre_aux(i2)) 
            End Select 
        Next 
    Next 
     
    ReDim m_pt(1 To n_maquines, 1 To n_productes) 
    ReDim m_cr(0 To n_maquines, 0 To n_comandes) 
     
    For i = 1 To n_maquines 
        ReDim maquines(i).seleccio(1 To n_productes) 
    Next 
     
    For i = 1 To n_comandes 
        ReDim comandes(i).prioritatCR(1 To n_maquines) 
        If comandes(i).producte > n_productes Then 
            n_productes = comandes(i).producte 
        End If 
    Next 
     
    'Lectura matriu de temps de producció 
    For i = 1 To n_maquines 
        Input #1, contingut_linia 
        procLecturaRegistre contingut_linia 
        For i2 = 1 To n_productes 'Assumeixo el nombre de comandes igual al nombre de 
productes??NO 
            m_pt(i, i2) = registre_aux(i2) 
        Next 
    Next 
     
    For i = 1 To n_maquines 
        For i2 = 1 To n_productes 
            If m_pt(i, i2) <> 0 Then 
                maquines(i).quantitat = maquines(i).quantitat + 1 
                maquines(i).seleccio(i2) = True 
            End If 
        Next 
        ReDim maquines(i).temps_canvi(1 To n_productes, 1 To n_productes) '(0 To 15, 0 
To 15) 
    Next 
     
    'Lectura dels vectors de temps de canvi 
    elements_tc_llegits = 0 
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    elements_tc = 0 
    For i = 1 To n_maquines 
        elements_tc = elements_tc + ((maquines(i).quantitat) * (maquines(i).quantitat - 1)) 
    Next 
     
    For i = 1 To n_maquines 
        p1 = 1 
        p2 = 1 
        For i2 = 1 To maquines(i).quantitat 
            Input #1, contingut_linia 
            procLecturaRegistre contingut_linia 
            For i3 = 1 To registre_aux_elements 
                 
                While maquines(i).seleccio(p1) = False 
                    p1 = p1 + 1 
                Wend 
                 
                While maquines(i).seleccio(p2) = False Or p1 = p2 
                    p2 = p2 + 1 
                Wend 
                 
                maquines(i).temps_canvi(p1, p2) = registre_aux(i3) 
                elements_tc_llegits = elements_tc_llegits + 1 
                If elements_tc_llegits = elements_tc Then 
                    GoTo fi 
                End If 
                p2 = p2 + 1 
                         
                If p2 > n_productes Or i3 = registre_aux_elements Then 
                    p1 = p1 + 1 
                End If 
                 
                If (p2 > n_productes Or i3 = registre_aux_elements) And p1 <= n_productes 
Then 
                    p2 = 1 
                    GoTo linia_llegida: 
                End If 
                 
                If p2 > n_productes And p1 > n_productes Then 
                    maquina_llegida = True 
                    GoTo maquina_llegida 
                End If 
            Next 
linia_llegida: 
        Next 
maquina_llegida: 
    Next 
Wend 
fi: 
End Sub 
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Public Sub procLecturaRegistre(registre As String) 
Dim i As Integer, i2 As Integer 
Dim digit As String 
Dim punter As Integer 
Dim nombre As String 
Dim n_maquines_aux(1 To 10) As Integer 
 
punter = 1 
i = 1 
i2 = 1 
 
Do While i <= Len(registre) 
    Do While digit <> " " And i <= Len(registre) 
        digit = Mid(registre, i, 1) 
        nombre = nombre & digit 
        i = i + 1 
    Loop 
    digit = "" 
    If registre_aux(i2) <> "-" Then 
        registre_aux(i2) = Val(nombre) 
    Else 
        registre_aux(i2) = "" 
    End If 
    nombre = "" 
    i2 = i2 + 1 
Loop 
registre_aux_elements = i2 - 1 
End Sub 
 
Public Function fnPrioritat(x As Integer) As Integer 
    Dim i As Integer 
    For i = 1 To n_comandes 
        If comandes(i).prioritatDD = x Then 
            fnPrioritat = i 
            Exit Function 
        End If 
    Next 
End Function 
Public Sub procCalculCR(comanda As Integer) 
Dim i As Integer, i2 As Integer 
Dim temps As Long 
Dim ordre As Integer 
 
ReDim comandes(comanda).CR(1 To n_maquines) 
 
For i = 1 To n_maquines 
    If m_pt(i, comandes(comanda).producte) <> 0 Then 
        temps = 0 
        ordre = 1 
        While maquines(i).assignades(ordre) <> 0 
            ordre = ordre + 1 
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        Wend 
        If ordre = 1 Then 
            maquines(i).actual = estat_inicial(i) 
            temps = maquines(i).temps_canvi(maquines(i).actual, 
comandes(comanda).producte) 
        Else 
                temps = comandes(maquines(i).assignades(ordre - 1)).temps_final + _ 
                maquines(i).temps_canvi(comandes(maquines(i).assignades(ordre - 
1)).producte, comandes(comanda).producte) 
        End If 
         
    comandes(comanda).CR(i) = ((comandes(comanda).due_date) - (temps)) / 
(comandes(comanda).quantitat * m_pt(i, comandes(comanda).producte)) 
    Else 
        comandes(comanda).CR(i) = -9999 
    End If 
Next 
End Sub 
 
Public Sub procCalculPrioritatEDD() 
Dim i As Integer 
Dim prioritat As Integer 
Dim dd() As Long 
Dim dd_ordenats() As Integer 
Dim comptador As Integer 
 
ReDim dd(1 To n_comandes) 'Guarda els dd de les diferents comandes 
ReDim dd_ordenats(1 To n_comandes) 
 
For i = 1 To n_comandes 
    dd(i) = comandes(i).due_date 
Next 
 
procOrdenacioDueDate n_comandes, dd(), dd_ordenats() 
 
For i = 1 To n_comandes 
    comandes(i).prioritatDD = dd_ordenats(i) 
Next 
End Sub 
 
'ORDENA LES COMANDES PER ORDRE CREIXENT DE DUE DATE 
Public Sub procOrdenacioDueDate(n As Integer, dd() As Long, dd_ordenats() As Integer) 
Dim i As Integer 
Dim ordenats() As Boolean 
Dim ordre As Integer 
Dim i_edd As Integer 
 
ReDim ordenats(1 To n_comandes) 
ordre = 1 
For i = 1 To n 'n és el nombre de comandes 
    i_edd = fnBuscar_i_MinimDD(dd(), ordenats()) 
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    dd_ordenats(i_edd) = ordre 
    ordenats(i_edd) = True 
    ordre = ordre + 1 
Next 
End Sub 
 
'RETORNA LA COMANDA D'EDD SENSE ORDENAR 
Public Function fnBuscar_i_MinimDD(dd() As Long, ordenats() As Boolean) As Integer 
    Dim i As Integer 
    Dim minim As Long 
    Dim minim_i As Integer 
     
    i = 1 
    While ordenats(i) 
        i = i + 1 
    Wend 
     
    minim = dd(i) 
    minim_i = i 
     
    For i = 1 To n_comandes 
        If dd(i) <= minim And Not ordenats(i) Then 
            minim_i = i 
            minim = dd(i) 
        End If 
    Next 
             
    fnBuscar_i_MinimDD = minim_i 
    Exit Function 
End Function 
 
Public Sub procAssignacioMaquinesEDD_CR() 
Dim i As Integer, i2 As Integer 
Dim maquines_seleccionades As Integer, comandes_assignades As Integer 
 
maquines_seleccionades = 0 
comandes_assignades = 0 
     
i = 1 
 
'Asseguro que, o poso a treballar totes les màquines o selecciono totes les comandes 
Do While maquines_seleccionades < n_maquines Or comandes_assignades < 
n_comandes 
    'Escullo, per a la comanda de prioritat i, la primera màquina no seleccionada 
    i2 = 1 
    While maquines(fnPrioritatMaquina(comandes(fnPrioritat(i)).nombre, i2)).seleccionada 
And i2 < n_maquines 
        'fnPrioritatMaquina retorna la màquina que, per a la comanda x, té un ordre de 
prioritatCR i2 
        'és a dir, busca la màquina lliure que més ràpid pot fer una comanda donada 
        i2 = i2 + 1 
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    Wend 
    'i2 conté la primera no seleccionada en ordre de prioritat ascendent 
    If i2 <= n_maquines Then 
        maquines(fnPrioritatMaquina(comandes(fnPrioritat(i)).nombre, i2)).seleccionada = 
True 
         
        maquines(fnPrioritatMaquina(comandes(fnPrioritat(i)).nombre, i2)).propera = _ 
        comandes(fnPrioritat(i)).nombre 
         
        comandes(fnPrioritat(i)).maquina = _ 
        maquines(fnPrioritatMaquina(comandes(fnPrioritat(i)).nombre, i2)).nombre 
         
        maquines_seleccionades = maquines_seleccionades + 1 
        comandes_assignades = comandes_assignades + 1 
    End If 
    i = i + 1 
Loop 
End Sub 
 
'--------------------------------------------------------------------------------------------- 
'TRANSFORMA EL VECTOR DE CR's EN UN VECTOR DE PRIORITATS 
'comandes.cr()-->comandes.prioritatCR()=maquines.prioritatCR() 
'--------------------------------------------------------------------------------------------- 
Public Sub procOrdenacioCR(comanda As Integer, a() As Currency) 
Dim b() As Double 
Dim i As Integer 
Dim positius As Boolean 
Dim negatius As Boolean 
Dim minim As Double 
Dim minim_i As Integer 
Dim minim2 As Double 
Dim minim2_i As Integer 
Dim ordre As Integer 
Dim c() As Integer 
Dim ordenats() As Boolean 
Dim ordenat As Boolean 
Dim maxim As Double 
Dim maxim_i As Integer 
Dim i2 As Integer 
Dim max_negatiu As Integer 
Dim max_positiu As Integer 
Dim n_zeros As Integer 
 
ReDim b(1 To n_maquines) 
ReDim c(1 To n_maquines) 
ReDim ordenats(1 To n_maquines) 
ordenat = False 
 
For i = 1 To n_maquines 
    b(i) = a(i) - 1 
    ordenats(i) = False 
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Next 
 
ordre = 1 
While Not ordenat 'Ordenació creixent de b() 
    minim = 9999 
    For i = 1 To n_maquines 
        If b(i) < minim And Not ordenats(i) Then 
            minim = b(i) 
            minim_i = i 
        End If 
    Next 
     
    If minim = -1 Then 
        c(minim_i) = 0 
    Else 
        If minim < 0 Then 
            c(minim_i) = -ordre 
        Else 
            c(minim_i) = ordre 
        End If 
        ordre = ordre + 1 
    End If 
    ordenats(minim_i) = True 
    ordenat = True 
    For i = 1 To n_maquines 
        ordenat = ordenat * ordenats(i) 
    Next 
Wend 
 
ordre = 1 'Índex que s'utilitzarà per ordenar tant els positius com els negatius 
 
 
For i = 1 To n_maquines 
    If c(i) <= 0 Then 
        ordenats(i) = True 'Simulo que els negatius estan ordenats ja que vull ordenar els 
positius 
    Else 
        ordenats(i) = False 
    End If 
Next 
 
ordenat = True 
For i = 1 To n_maquines 
    ordenat = ordenat * ordenats(i) 
Next 
 
While Not ordenat 'Ordenació de positius de c() 
    minim = 9999 
    For i = 1 To n_maquines 
        If c(i) <= minim And c(i) > 0 And Not ordenats(i) Then 
            minim = c(i) 
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            minim_i = i 
        End If 
    Next 
    comandes(comanda).prioritatCR(minim_i) = ordre 
    ordenats(minim_i) = True 
    ordre = ordre + 1 
    ordenat = True 
    For i = 1 To n_maquines 
        ordenat = ordenat * ordenats(i) 
    Next 
Wend 
 
For i = 1 To n_maquines 
    If c(i) < 0 Then 
        ordenats(i) = False 
    End If 
Next 
 
For i = 1 To n_maquines 
    ordenat = ordenat * ordenats(i) 
Next 
 
While Not ordenat 'Ordenació de negatius de c() 
    maxim = -9999 
    For i = 1 To n_maquines 
        If c(i) >= maxim And c(i) < 0 And Not ordenats(i) Then 
            maxim = c(i) 
            maxim_i = i 
        End If 
    Next 
    comandes(comanda).prioritatCR(maxim_i) = ordre 
    ordenats(maxim_i) = True 
    ordre = ordre + 1 
    ordenat = True 
    For i = 1 To n_maquines 
        ordenat = ordenat * ordenats(i) 
    Next 
Wend 
End Sub 
 
Public Sub procAssignacioMaquinaComandaEDD_CR() 
Dim i As Integer, i2 As Integer, j As Integer, k As Integer 
Dim dd1 As Long 
Dim dd2 As Long 
Dim c1 As Integer 'Índex 1 per a l'ordenació 
Dim c2 As Integer 'Índex 2 per a l'ordenació 
Dim aux As Integer 'Per tal de fer l'intercanvi al vector 
Dim anterior As Integer 
Dim seguent As Integer 
Dim minim As Currency 
Dim i_minim As Integer 
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Dim longitud As Integer 'Longitud del vector d'assignades de la màquina 
Dim i_aux As Integer 
Dim trobat As Boolean 
 
For i = 1 To n_comandes 
    If Form3.Option2(0) Then 'Criteri determinista 
        'He de buscar la màquina que té prioritatCR=1 
        j = 1 
        While comandes(i).prioritatCR(j) <> 1 
            j = j + 1 
        Wend 
    Else 
        procCalculCR i 
        For i = 1 To n_comandes 
            procOrdenacioCR i, comandes(i).CR() 
        Next 
        j = 1 
        While comandes(i).prioritatCR(j) <> 1 
            j = j + 1 
        Wend 
    End If 
        'Assigno la màquina j al producte/comanda i 
        comandes(i).maquina = j 
        'Afegir l'activitat i a la màquina j 
        k = 1 
        While maquines(j).assignades(k) <> 0 
            k = k + 1 
        Wend 
        maquines(j).assignades(k) = i 
         
Next 
 
End Sub 
 
'--------------------------------------------------------------------------------------- 
'RETORNA LA MÀQUINA QUE, PER A LA COMANDA X, TÉ UN ORDRE DE PRIORITAT 
de CR Y 
'--------------------------------------------------------------------------------------- 
Public Function fnPrioritatMaquina(x As Integer, y As Integer) As Integer 
    Dim i As Integer 
    For i = 1 To n_maquines 
        If comandes(x).prioritatCR(i) = y Then 
            fnPrioritatMaquina = i 
            Exit Function 
        End If 
    Next 
End Function 
 
Public Sub procOrdenacioEDD(maquina As maquina, comandes() As comanda) 
Dim longitud As Integer 
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Dim i As Integer 
Dim trobat As Boolean 
Dim c1 As Integer 
Dim c2 As Integer 
Dim aux As Integer 
Dim i_aux As Integer 
Dim dd_aux As Long 
Dim cr1 As Variant, cr2 As Variant 
 
 
dd_aux = 0 
longitud = 0 
i = 1 
 
While i < n_comandes 
    If maquina.assignades(i) <> 0 Then 
        longitud = longitud + 1 
    End If 
    i = i + 1 
Wend 
     
trobat = False 
For c1 = 1 To longitud - 1 '"0" ja que pot ser que a la màquina no se li hagi assignat cap 
màquina 
    For i = 1 To n_comandes 
        If comandes(i).due_date > dd_aux Then 
            dd_aux = comandes(i).due_date 
        End If 
    Next 
    For c2 = c1 + 1 To longitud 
    'Es tracta de trobar l'edd 
        If comandes(maquina.assignades(c2)).due_date < _ 
            comandes(maquina.assignades(c1)).due_date _ 
            And comandes(maquina.assignades(c2)).due_date < dd_aux Then 
                dd_aux = comandes(maquina.assignades(c2)).due_date 
                aux = comandes(maquina.assignades(c2)).nombre '.producte 
                i_aux = c2 
                trobat = True 
        Else 
            If comandes(maquina.assignades(c2)).due_date = _ 
            comandes(maquina.assignades(c1)).due_date Then 
                If comandes(maquina.assignades(c2)).nombre < _ 
                comandes(maquina.assignades(c1)).nombre Then 
                    dd_aux = comandes(maquina.assignades(c2)).due_date 
                    aux = comandes(maquina.assignades(c2)).nombre '.producte 
                    i_aux = c2 
                    trobat = True 
                End If 
            End If 
        End If 
    Next 
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    If trobat Then 
            maquina.assignades(i_aux) = maquina.assignades(c1) 
            maquina.assignades(c1) = aux 
            trobat = False 
    End If 
Next 
End Sub 
Public Sub procCalculMaquina(maquina As maquina, comandes() As comanda) 
Dim i As Integer, j As Integer, k As Integer 
Dim longitud As Integer 
 
k = 1 
longitud = 0 
 
While k <= n_comandes 
    If maquina.assignades(k) <> 0 Then 
        longitud = longitud + 1 
    End If 
    k = k + 1 
Wend 
 
If longitud = 0 Then 
    GoTo maquina_sense_producte 
Else 
    For i = 1 To longitud 
        If m_pt(maquina.nombre, comandes(maquina.assignades(i)).producte) = 0 Then 
            j = 3 
        End If 
    Next 
End If 
           
'Tornada a l'estat inicial de les màquines 
For i = 1 To n_maquines 
    maquines(i).actual = estat_inicial(i) 
Next 
           
temps = 0 
For i = 1 To longitud 
    comandes(maquina.assignades(i)).temps_inici = temps + _ 
    maquina.temps_canvi(maquina.actual, comandes(maquina.assignades(i)).producte) 
         
    maquina.actual = comandes(maquina.assignades(i)).producte 
         
    comandes(maquina.assignades(i)).temps_final = _ 
    comandes(maquina.assignades(i)).temps_inici + _ 
    (comandes(maquina.assignades(i)).quantitat * m_pt(maquina.nombre, 
comandes(maquina.assignades(i)).producte)) 
         
    temps = comandes(maquina.assignades(i)).temps_final 
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    comandes(maquina.assignades(i)).retard = _ 
    comandes(maquina.assignades(i)).temps_final - _ 
    comandes(maquina.assignades(i)).due_date 
         
    If comandes(maquina.assignades(i)).retard < 0 Then 
        comandes(maquina.assignades(i)).retard = 0 
    End If 
Next 
         
maquina_sense_producte: 
End Sub 
 
Public Sub procAssignacioMaquinaComandaAleatori() 
Dim i As Integer, i2 As Integer 
Dim num As Double 
 
For i = 1 To n_comandes 
    Randomize 
    num = Rnd 
     
    While Int((n_maquines * num) + 0.5) = 0 
        Randomize 
        num = Rnd 
    Wend 
     
    While m_pt(Int((n_maquines * num) + 0.5), comandes(i).producte) = 0 
        Randomize 
        num = Rnd 
        While Int((n_maquines * num) + 0.5) = 0 
            Randomize 
            num = Rnd 
        Wend 
    Wend 
     
    comandes(i).maquina = Int((n_maquines * num) + 0.5) 'Se li suma 0.5 per a treballar 
amb totes les màquines 
    i2 = 1 
    While maquines(comandes(i).maquina).assignades(i2) <> 0 And _ 
    i2 <= n_comandes - 1 
        i2 = i2 + 1 
    Wend 
    maquines(comandes(i).maquina).assignades(i2) = i 
Next 
End Sub 
 
Public Sub procOrdreRetard() 
Dim i As Integer, i2 As Integer 
Dim retard_maxim As Long 
Dim i_retard_maxim As Integer 
 
For i = 1 To n_comandes 
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    comandes(i).ordre_retard = 0 
Next 
 
i2 = 1 
While i2 <= n_comandes 
    retard_maxim = 0 
    For i = 1 To n_comandes 
        If comandes(i).retard >= retard_maxim And comandes(i).ordre_retard = 0 Then 
            retard_maxim = comandes(i).retard 
            i_retard_maxim = i 
        End If 
    Next 
     
    comandes(i_retard_maxim).ordre_retard = i2 
    i2 = i2 + 1 
Wend 
End Sub 
 
Public Sub procCalculRetardGlobal() 
Dim i As Integer 
c_max = 0 
t = 0 
For i = 1 To n_comandes 
    t = t + comandes(i).retard 
    If comandes(i).temps_final > c_max Then 
        c_max = comandes(i).temps_final 
    End If 
Next 
End Sub 
 
Public Sub procMilloraGreedy(individu As Integer) 
Dim i As Integer, i2 As Integer 
Dim ordre As Integer, maquina_actual As Integer, comanda_actual As Integer 
Dim ordre_aleatori() As Boolean 
Dim maquina_anterior As Integer 
Dim assignades As Integer 
Dim retard_actual As Long 
Dim m_virtual() As maquina 
Dim c_virtual() As comanda 
Dim ordre_retard() As Integer 
Dim retard_ordre_retard() As Long 
Dim maquines_comandes() As Integer 
Dim maquines_comandes_anterior() As Integer 
Dim parar As Boolean 
Dim T_virtual As Long 
Dim T_virtual_minim As Long 
Dim num As Double 
Dim parar_aleatori As Boolean 'Generació de comandes aleatòria 
Dim repeticio As Long 
 
ReDim ordre_aleatori(0 To n_comandes) 
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ReDim m_virtual(1 To n_maquines) 
ReDim c_virtual(1 To n_comandes) 
ReDim ordre_retard(1 To n_comandes) 
ReDim retard_ordre_retard(1 To n_comandes) 
ReDim maquines_comandes(1 To n_comandes) 
ReDim maquines_comandes_anterior(1 To n_comandes) 
 
parar = False 
repeticio = 2 
While Not parar 
    'Estat inicial de les comandes a les màquines 
    For i = 1 To n_comandes 
        maquines_comandes_anterior(i) = comandes(i).maquina 
    Next 
     
    'El criteri de selecció de les comandes pot variar:creixent o decreixent 
    If sentit_AED Then 
        GoTo ordre_creixent 
    Else 
        GoTo ordre_decreixent 
    End If 
     
ordre_creixent: 
    For ordre = 1 To n_comandes 
        procMilloraGreedySeleccioMaquina ordre 
    Next 
    GoTo seguir 
ordre_decreixent: 
    For ordre = n_comandes To 1 Step -1 
        procMilloraGreedySeleccioMaquina ordre 
    Next 
seguir: 
    For i = 1 To n_comandes 
        maquines_comandes(i) = comandes(i).maquina 
    Next 
     
    parar = True 
     
    For i = 1 To n_comandes 
        If maquines_comandes_anterior(i) <> maquines_comandes(i) Then 
            parar = False 
        End If 
    Next 
Wend 
   
End Sub 
 
Public Function fnOrdreRetard(x As Integer, comandes() As comanda) As Integer 
Dim i As Integer 
     
For i = 1 To n_comandes 
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    If comandes(i).ordre_retard = x Then 
        fnOrdreRetard = i 
        Exit Function 
    End If 
Next 
End Function 
 
Public Sub procMilloraGreedySeleccioMaquina(ordre As Integer) 
Dim i As Integer, i2 As Integer, i3 As Integer, i4 As Integer 
Dim maquina_actual As Integer, comanda_actual As Integer 
Dim maquina_anterior As Integer 
Dim assignades As Integer 
Dim retard_actual As Long 
Dim m_virtual() As maquina 
Dim c_virtual() As comanda 
Dim ordre_retard() As Integer 
Dim retard_ordre_retard() As Long 
Dim maquines_comandes() As Integer 
Dim maquines_comandes_anterior() As Integer 
Dim parar As Boolean 
Dim T_virtual As Long 
Dim T_virtual_minim As Long 
Dim T_inicial As Long 
Dim aux As Integer 
ReDim m_virtual(1 To n_maquines) 
ReDim c_virtual(1 To n_comandes) 
ReDim ordre_retard(1 To n_comandes) 
ReDim retard_ordre_retard(1 To n_comandes) 
ReDim maquines_comandes(1 To n_comandes) 
ReDim maquines_comandes_anterior(1 To n_comandes) 
 
T_inicial = t 
aux = fnOrdreRetard(ordre, comandes()) 
maquina_actual = comandes(aux).maquina 
maquina_anterior = maquina_actual 
comanda_actual = comandes(aux).nombre 
         
If Not auto Then 'Gràfics 
    'i = 1 
    'While retard(individu, i) <> 0 Or i < 2 
    '    i = i + 1 
    'Wend 
    'T_virtual_minim = retard(individu, i - 1) ' T 
End If 
T_virtual_minim = t 
'Per a la comanda amb prioritat "ordre", s'ha de trobar la màquina millor 
For i = 1 To n_maquines 
    'Copiant les màquines es recupera l'estat real 
    For i2 = 1 To n_maquines 
        m_virtual(i2) = maquines(i2) 
    Next 
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    For i2 = 1 To n_comandes 
        c_virtual(i2) = comandes(i2) 
    Next 
 
    If m_virtual(i).nombre <> c_virtual(fnOrdreRetard(ordre, c_virtual())).maquina And _ 
    m_pt(i, c_virtual(fnOrdreRetard(ordre, c_virtual())).producte) <> 0 Then 
        'Trobar la posició on assignar la comanda de prova 
        'assignades = 0 
        i2 = 1 
        While m_virtual(i).assignades(i2) <> 0 
            i2 = i2 + 1 
        Wend 
         
        m_virtual(i).assignades(i2) = _ 
        c_virtual(fnOrdreRetard(ordre, c_virtual())).nombre 
             
        'Treure la comanda de la màquina anterior 
        i2 = 1 
                 
        While m_virtual(maquina_anterior).assignades(i2) <> _ 
        c_virtual(fnOrdreRetard(ordre, c_virtual())).nombre 
            i2 = i2 + 1 
        Wend 
                 
        While i2 <= n_comandes - 1 
            m_virtual(maquina_anterior).assignades(i2) = _ 
            m_virtual(maquina_anterior).assignades(i2 + 1) 
            i2 = i2 + 1 
        Wend 
        m_virtual(maquina_anterior).assignades(n_comandes) = 0 
                 
                 
        'Càlcul del retard global 
        'Tornada a l'estat inicial de les màquines 
        For i2 = 1 To n_maquines 
            maquines(i2).actual = estat_inicial(i2) 
        Next 
                 
        For i2 = 1 To n_maquines 
            procOrdenacioSFT m_virtual(i2), c_virtual() 
            procCalculMaquina m_virtual(i2), c_virtual() 
        Next 
                 
        T_virtual = 0 
        For i2 = 1 To n_comandes 
            T_virtual = T_virtual + c_virtual(i2).retard 
        Next 
             
        If T_virtual < T_virtual_minim Then 
            If Not auto Then 
                'i2 = 1 
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                'While retard(individu, i2) <> 0 
                '    i2 = i2 + 1 
                'Wend 
                'retard(individu, i2) = T_virtual 
            End If 
            T_virtual_minim = T_virtual 
            maquina_actual = i 
        Else 
            If Not auto Then 
                'i2 = 1 
                'While retard(individu, i2) <> 0 Or i2 < 2 
                '    i2 = i2 + 1 
                'Wend 
                'retard(individu, i2) = retard(individu, i2 - 1) 
            End If 
        End If 
    End If 
Next 
         
If T_virtual_minim < t Then 
     
    'Canvi real de màquines 
    'Trobar la posició on assignar la comanda de prova 
    'assignades = 0 
 
    i2 = 1 
    While maquines(maquina_actual).assignades(i2) <> 0 
        i2 = i2 + 1 
        'assignades = assignades + 1 
    Wend 
         
    maquines(maquina_actual).assignades(i2) = _ 
    comandes(fnOrdreRetard(ordre, comandes())).nombre 
             
    comandes(fnOrdreRetard(ordre, comandes())).maquina = _ 
    maquines(maquina_actual).nombre 
                 
    'Treure la comanda de la màquina anterior 
    i2 = 1 
             
    While maquines(maquina_anterior).assignades(i2) <> _ 
    comandes(fnOrdreRetard(ordre, comandes())).nombre 
        i2 = i2 + 1 
    Wend 
             
    While i2 <= n_comandes - 1 
        maquines(maquina_anterior).assignades(i2) = _ 
        maquines(maquina_anterior).assignades(i2 + 1) 
        i2 = i2 + 1 
    Wend 
    maquines(maquina_anterior).assignades(n_comandes) = 0 
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GoTo prova 
    For i = 1 To n_maquines 
        i2 = 1 
        While m_virtual(i).assignades(i2) <> 0 
            i2 = i2 + 1 
        Wend 
        ReDim maquines(i).assignades(1 To n_comandes) 
             
        For i3 = 1 To i2 - 1 
            maquines(i).assignades(i3) = m_virtual(i).assignades(i3) 
        Next 
    Next 
     
    For i = 1 To n_comandes 
        comandes(i).maquina = c_virtual(i).maquina 
    Next 
prova: 
     'Tornada a l'estat inicial de les màquines 
    For i2 = 1 To n_maquines 
        maquines(i2).actual = estat_inicial(i2) 
    Next 
             
    'Càlcul del retard global 
    For i2 = 1 To n_maquines 
        procOrdenacioSFT maquines(i2), comandes() 
        procCalculMaquina maquines(i2), comandes() 
    Next 
                 
    'Actualització de les màquines que corresponen a les diferents comandes 
    For i = 1 To n_maquines 
        i2 = 1 
        While maquines(i).assignades(i2) <> 0 
            comandes(maquines(i).assignades(i2)).maquina = i 
            i2 = i2 + 1 
        Wend 
    Next 
                 
    t = 0 
    For i2 = 1 To n_comandes 
        t = t + comandes(i2).retard 
        maquines_comandes(i2) = comandes(i2).maquina 
    Next 
End If 
'If T > T_inicial Then 
'    T = T / 0 
'End If 
End Sub 
 
Public Function fnCalculSolucioGA(solucio() As individu, ordre As Integer) As Long 
Dim i As Integer, i2 As Integer, i3 As Integer 
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Dim escollits() As Boolean 
Dim escollides As Boolean 
Dim minim As Integer, i_minim As Integer 
Dim assignades As Integer 
escollides = False 
'Es borren màquines.assignades, comandes i T 
For i = 1 To n_maquines 
    ReDim maquines(i).assignades(1 To n_comandes) 
Next 
 
'Tornada a l'estat inicial de les màquines 
For i = 1 To n_maquines 
    maquines(i).actual = estat_inicial(i) 
Next 
 
For i = 1 To n_maquines 
    ReDim escollits(1 To n_comandes) 
    For i2 = 1 To n_comandes 
        If aux(ordre).gen(i2, i) = 0 Then 
            escollits(i2) = True 
        End If 
    Next 
    escollides = True 
    For i2 = 1 To n_comandes 
        escollides = escollides * escollits(i2) 
    Next 
    assignades = 1 
    While Not escollides 
        'Buscar mínim 
        i3 = 1 
        While escollits(i3) And i3 < n_comandes 
            i3 = i3 + 1 
        Wend 
        i_minim = i3 
        minim = solucio(ordre).gen(i_minim, i) 
        While i3 < n_comandes And Not escollits(i3) 
            If aux(ordre).gen(i3, i) < minim Then 
                i_minim = i3 
                minim = aux(ordre).gen(i3, i) 
            End If 
            i3 = i3 + 1 
        Wend 
        escollits(i_minim) = True 
        maquines(i).assignades(assignades) = comandes(i_minim).nombre 
        comandes(i_minim).maquina = i 
        assignades = assignades + 1 
        escollides = True 
        For i2 = 1 To n_comandes 
            escollides = escollides * escollits(i2) 
        Next 
    Wend 
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Next 
             
For i = 1 To n_maquines 
        procOrdenacioSFT maquines(i), comandes() 
        procCalculMaquina maquines(i), comandes() 
Next 
 
procCalculRetardGlobal 
 
For i = 1 To n_maquines 
    i2 = 1 
    While maquines(i).assignades(i2) <> 0 
        solucio(ordre).gen(maquines(i).assignades(i2), maquines(i).nombre) = i2 
        solucio(ordre).retard = t 
        i2 = i2 + 1 
    Wend 
Next 
c_max = 0 
For i = 1 To n_comandes 
    If comandes(i).temps_final > c_max Then 
        c_max = comandes(i).temps_final 
    End If 
Next 
fnCalculSolucioGA = t 
End Function 
 
 
 
Public Sub procMutacio(ind As individu) 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim mut1 As Integer, mut2 As Integer, mut_aux As Integer 
Dim i_mut1 As Integer, i_mut2 As Integer, i_mut_aux As Integer 
Dim num As Double 
Dim comanda_mutada As Integer 
Dim index_maquina As Integer 
Dim posicio As Integer 
 
         
If iteracio_ga > 1 Then 
    Randomize 
    num = Rnd 
    If prob_mutacio > num Then 
        Randomize 
        num = Rnd 
        If Not mutacio_monoprocessador Or num < 0.5 Then 
            Randomize 
            num = Rnd 
            While Int(num * n_comandes + 0.5) = 0 
                Randomize 
                num = Rnd 
            Wend 
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            comanda_mutada = Int(num * n_comandes + 0.5) 
tornar: 
            Randomize 
            num = Rnd 
            While Int(num * n_maquines + 0.5) = 0 
                Randomize 
                num = Rnd 
            Wend 
            If m_pt(Int(num * n_maquines + 0.5), comandes(comanda_mutada).producte) = 0 
Then 
                GoTo tornar 
            Else 
                index_maquina = Int(num * n_maquines + 0.5) 
            End If 
     
            'ReDim individu(1 To n_comandes, 1 To n_maquines) 
            Randomize 
            num = Rnd 
            While Int(num * n_comandes + 0.5) = 0 
                Randomize 
                num = Rnd 
            Wend 
            If ind.gen(comanda_mutada, index_maquina) = 0 Or _ 
            ind.gen(comanda_mutada, index_maquina) > n_maquines Then 
                GoTo tornar 
            End If 
            For i = 1 To n_maquines 
                ind.gen(comanda_mutada, i) = 0 
            Next 
            ind.gen(comanda_mutada, index_maquina) = Int(num * n_maquines + 0.5) 
        Else 
            If mutacio_monoprocessador Then 
                Randomize 
                num = Rnd 
                index_maquina = Int(num + 0.5) 
                While index_maquina = 0 
                    Randomize 
                    num = Rnd 
                    index_maquina = Int(num + 0.5) 
                Wend 
                For i = 1 To n_maquines 
                    mut1 = 0 
                    mut2 = 0 
                    mut_aux = 0 
                    For i2 = 1 To n_comandes 
                        If ind.gen(i2, i) > 0 Then 
                            mut1 = ind.gen(i2, i) 
                            i_mut1 = i2 
                            For i3 = i2 To n_comandes 
                                If ind.gen(i3, i) > 0 Then 
                                    mut2 = ind.gen(i3, i) 
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                                    i_mut2 = i3 
                                    If mut1 > 0 And mut2 > 0 And mut1 <> mut2 Then 
                                        GoTo sortir 
                                    End If 
                                End If 
                            Next 
                        End If 
                    Next 
sortir: 
                    If mut1 > 0 And mut2 > 0 And mut1 <> mut2 Then 
                        ind.gen(i_mut1, i) = mut2 
                        ind.gen(i_mut2, i) = mut1 
                    End If 
                Next 
            End If 
        End If 
    End If 
End If 
End Sub 
 
Public Sub procCalculVectorSolucions() 
Dim i As Integer, i2 As Integer, i3 As Integer, i_minim As Integer, i_maxim As Integer 
Dim i5 As Integer, suma As Integer 
Dim seleccionats() As Boolean 
Dim minim As Long 
Dim valors_aux() As Long 
Dim num As Double 
 
ReDim valors_solucio_ga(1 To 2 * poblacio_ga) 
ReDim seleccionats(1 To 2 * poblacio_ga) 
ReDim valors_aux(1 To poblacio_ga) 
 
Randomize 
num = Rnd 
i = 1 
 
For i = 1 To 2 * poblacio_ga 
    aux(i).retard = fnCalculSolucioGA(aux(), i) 
    aux(i).c_max = c_max 
Next 
 
 
Select Case creuament 
    Case 100 
        For i = poblacio_ga + 1 To 2 * poblacio_ga 
            For i2 = 1 To n_comandes 
                For i3 = 1 To n_maquines 
                    poblacio(i - poblacio_ga).gen(i2, i3) = aux(i).gen(i2, i3) 
                Next 
            Next 
            poblacio(i - poblacio_ga).retard = aux(i).retard 
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        Next 
    Case 90 
        i_minim = 1 
        For i = 2 To poblacio_ga 
            If poblacio(i).retard < poblacio(i_minim).retard Then 
                i_minim = i 
            End If 
        Next 
        If i_minim > 1 Then 
            For i2 = 1 To n_comandes 
                For i3 = 1 To n_maquines 
                    poblacio(1).gen(i2, i3) = poblacio(i_minim).gen(i2, i3) 
                Next 
                poblacio(1).retard = poblacio(i_minim).retard 
            Next 
        End If 
        i_maxim = poblacio_ga + 1 
        For i = poblacio_ga + 2 To 2 * poblacio_ga 
            If aux(i).retard > aux(i_maxim).retard Then 
                i_maxim = i 
            End If 
        Next 
        seleccionats(i_maxim) = True 
        i5 = 2 
        For i = poblacio_ga + 1 To 2 * poblacio_ga 
            If Not seleccionats(i) Then 
                For i2 = 1 To n_comandes 
                    For i3 = 1 To n_maquines 
                        poblacio(i5).gen(i2, i3) = aux(i).gen(i2, i3) 
                    Next 
                Next 
            poblacio(i5).retard = aux(i).retard 
            i5 = i5 + 1 
            End If 
        Next 
    Case 80 
        i_minim = 1 
        For i = 2 To poblacio_ga 
            If poblacio(i).retard < poblacio(i_minim).retard Then 
                i_minim = i 
            End If 
        Next 
        seleccionats(i_minim) = True 
        If i_minim > 1 Then 
            For i2 = 1 To n_comandes 
                For i3 = 1 To n_maquines 
                    poblacio(1).gen(i2, i3) = poblacio(i_minim).gen(i2, i3) 
                Next 
            Next 
            poblacio(1).retard = aux(i_minim).retard 
        End If 
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        i = 1 
        While seleccionats(i) 
            i = i + 1 
        Wend 
        i_minim = i 
        For i = i_minim To poblacio_ga 
            If poblacio(i).retard < poblacio(i_minim).retard And Not seleccionats(i) Then 
                i_minim = i 
            End If 
        Next 
        seleccionats(i_minim) = True 
        For i2 = 1 To n_comandes 
            For i3 = 1 To n_maquines 
                poblacio(2).gen(i2, i3) = poblacio(i_minim).gen(i2, i3) 
            Next 
        Next 
        poblacio(2).retard = poblacio(i_minim).retard 
        i_maxim = poblacio_ga + 1 
        For i = i_maxim To 2 * poblacio_ga 
            If aux(i).retard > aux(i_maxim).retard And Not seleccionats(i) Then 
                i_maxim = i 
            End If 
        Next 
        seleccionats(i_maxim) = True 
        i_maxim = poblacio_ga + 1 
        While seleccionats(i_maxim) 
            i_maxim = i_maxim + 1 
        Wend 
        For i = poblacio_ga + 1 To 2 * poblacio_ga 
            If aux(i).retard > aux(i_maxim).retard And Not seleccionats(i) Then 
                i_maxim = i 
            End If 
        Next 
        seleccionats(i_maxim) = True 
        i5 = 3 
        For i = poblacio_ga + 1 To 2 * poblacio_ga 
            If Not seleccionats(i) Then 
                For i2 = 1 To n_comandes 
                    For i3 = 1 To n_maquines 
                        poblacio(i5).gen(i2, i3) = aux(i).gen(i2, i3) 
                    Next 
                Next 
            poblacio(i5).retard = aux(i).retard 
            i5 = i5 + 1 
            End If 
        Next 
End Select 
End Sub 
 
Public Sub procCalculFitness() 
Dim i As Integer, i2 As Integer, i3 As Integer 
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Dim suma As Currency 
Dim i_maxim As Integer 
Dim seleccionats() As Boolean 
Dim acabar As Boolean 
Dim Index As Integer 
Dim minim As Currency 
Dim i_minim As Integer 
Dim maxim As Long 
 
ReDim seleccionats(1 To poblacio_ga) 
ReDim valors_fitness_ga(1 To poblacio_ga) 
suma = 0 
 
'Per si es troba la solució al problema 
optims = 0 
i3 = 1 
For i = 1 To poblacio_ga 
    If poblacio(i).retard = 0 Then 
        optims = optims + 1 
    End If 
Next 
If optims > 0 Then 
    ReDim solucions_optimes(1 To optims, 1 To n_comandes) 
    For i = 1 To poblacio_ga 
        If valors_solucio_ga(i) = 0 Then 
            i3 = i3 + 1 
        End If 
    Next 
    nombre_solucions_optimes = i3 - 1 
    solucio_optima = True 
    Form7.Show 
    GoTo fi 
End If 
 
 
minim = poblacio(1).retard 'valors_solucio_ga(1) 
i_minim = 1 
For i = 2 To poblacio_ga 
    If poblacio(i).retard < minim Then 
        minim = poblacio(i).retard 
        i_minim = i 
    End If 
Next 
 
For i = 1 To poblacio_ga 
    If poblacio(i_minim).retard = 0 Then 
        poblacio(i).fitness = 1 
    Else 
        poblacio(i).fitness = poblacio(i).retard / poblacio(i_minim).retard 
    End If 
Next 
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poblacio(i_minim).fitness = 1 
For i = 1 To poblacio_ga 
    If i <> i_minim Then 
        poblacio(i_minim).fitness = poblacio(i_minim).fitness + (1 / poblacio(i).fitness) 
    End If 
Next 
poblacio(i_minim).fitness = 1 / poblacio(i_minim).fitness 
 
For i = 1 To poblacio_ga 
    If i <> i_minim Then 
        poblacio(i).fitness = poblacio(i_minim).fitness / poblacio(i).fitness 
    End If 
Next 
     
If fitness_c_max Then 
    minim = poblacio(1).c_max 
    i_minim = 1 
    For i = 2 To poblacio_ga 
        If poblacio(i).c_max < minim Then 
            minim = poblacio(i).c_max 
            i_minim = i 
        End If 
    Next 
 
    For i = 1 To poblacio_ga 
        poblacio(i).fitness_c_max = poblacio(i).c_max / poblacio(i_minim).c_max 
    Next 
 
    poblacio(i_minim).fitness_c_max = 1 
    For i = 1 To poblacio_ga 
        If i <> i_minim Then 
            poblacio(i_minim).fitness_c_max = poblacio(i_minim).fitness_c_max + (1 / 
poblacio(i).fitness_c_max) 
        End If 
    Next 
    poblacio(i_minim).fitness_c_max = 1 / poblacio(i_minim).fitness_c_max 
 
    For i = 1 To poblacio_ga 
        If i <> i_minim Then 
            poblacio(i).fitness_c_max = poblacio(i_minim).fitness_c_max / 
poblacio(i).fitness_c_max 
        End If 
    Next 
    For i = 1 To poblacio_ga 
        poblacio(i).fitness = (w1 * poblacio(i).fitness) + (w2 * poblacio(i).fitness_c_max) 
    Next 
End If 
     
fi: 
End Sub 
Procediments heurístics de programació de comandes en diferents màquines amb temps de preparació depenents de la seqüència Pàg. 35 
 
 
Public Sub procCrossover() 
Dim i As Integer, i2 As Integer, i3 As Integer, i4 As Integer 
Dim i5 As Integer 
Dim suma As Long 
Dim check As Currency 
Dim maxim As Currency 
Dim i_maxim As Integer 
Dim seleccionats() As Boolean 
Dim acabar As Boolean 
Dim Index As Integer 
Dim minim As Currency 
Dim i_minim As Integer 
Dim num As Double 
Dim vectors_iguals As Boolean 
Dim diferencies As Integer 
Dim bucle_son As Integer, bucle_daughter As Integer 
Dim cromosoma1 As Integer, cromosoma2 As Integer 
Dim suma_valors_fitness_ga As Double 
Dim diferenciacio_aux As Double 
Dim repeticions As Integer 
 
repeticions = 0 
 
'Elitisme 
ReDim aux(1 To 2 * poblacio_ga) 
For i = 1 To 2 * poblacio_ga 
    ReDim aux(i).gen(1 To n_comandes, 1 To n_maquines) 
Next 
For i = 1 To poblacio_ga 
    For i2 = 1 To n_comandes 
        For i3 = 1 To n_maquines 
            aux(i).gen(i2, i3) = poblacio(i).gen(i2, i3) 
        Next 
    Next 
Next 
 
 
 
bucle_son = 0 
bucle_daughter = 0 
'Crossover pròpiament dit 
While i < 2 * poblacio_ga 
diferenciacio_aux = diferenciacio 
nou: 
Randomize 
num = Rnd 
     
    'Escollir els dos cromosomes pares 
    Randomize 
    num = Rnd 
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    suma_valors_fitness_ga = 0 
    i2 = 1 
    While (suma_valors_fitness_ga < num And i2 < poblacio_ga) Or i2 < 2 
        suma_valors_fitness_ga = suma_valors_fitness_ga + poblacio(i2).fitness 
        i2 = i2 + 1 
    Wend 
    cromosoma1 = i2 - 1 
     
    Randomize 
    num = Rnd 
    While Int(num * poblacio_ga + 0.5) = 0 Or _ 
    Int(num * poblacio_ga + 0.5) = cromosoma1 
        Randomize 
        num = Rnd 
    Wend 
    cromosoma2 = Int(num * poblacio_ga + 0.5) 
     
    'Generació de la solució 
 
    ReDim son.gen(1 To n_comandes, 1 To n_maquines) 
    ReDim daughter.gen(1 To n_comandes, 1 To n_maquines) 
    If creuament2p = False Then 
        i2 = 1 
        Randomize 
        num = Rnd 
        crossover1 = Int(num * n_comandes) 
        While crossover1 = 0 
            Randomize 
            num = Rnd 
            crossover1 = Int(num * n_comandes) 
        Wend 
        While i2 < crossover1 
            For i3 = 1 To n_maquines 
                son.gen(i2, i3) = poblacio(cromosoma1).gen(i2, i3) 
                daughter.gen(i2, i3) = poblacio(cromosoma2).gen(i2, i3) 
            Next 
            i2 = i2 + 1 
        Wend 
 
        While i2 <= n_comandes 
            For i3 = 1 To n_maquines 
                son.gen(i2, i3) = poblacio(cromosoma2).gen(i2, i3) 
                daughter.gen(i2, i3) = poblacio(cromosoma1).gen(i2, i3) 
            Next 
            i2 = i2 + 1 
        Wend 
    Else 
        If creuament2p Then 
            i2 = 1 
            Randomize 
            num = Rnd 
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            crossover1 = Int(num * n_comandes) 
            While crossover1 = 0 Or crossover1 > n_comandes - 3 
                Randomize 
                num = Rnd 
                crossover1 = Int(num * n_comandes) 
            Wend 
             
            Randomize 
            num = Rnd 
            crossover2 = Int(num * n_comandes) 
            While crossover2 < crossover1 + 1 
                Randomize 
                num = Rnd 
                crossover2 = Int(num * n_comandes) 
            Wend 
             
            While i2 < crossover1 
                For i3 = 1 To n_maquines 
                    son.gen(i2, i3) = poblacio(cromosoma1).gen(i2, i3) 
                    daughter.gen(i2, i3) = poblacio(cromosoma2).gen(i2, i3) 
                Next 
                i2 = i2 + 1 
            Wend 
             
            While i2 <= crossover2 
                For i3 = 1 To n_maquines 
                    son.gen(i2, i3) = poblacio(cromosoma2).gen(i2, i3) 
                    daughter.gen(i2, i3) = poblacio(cromosoma1).gen(i2, i3) 
                Next 
                i2 = i2 + 1 
            Wend 
             
            While i2 <= n_comandes 
                For i3 = 1 To n_maquines 
                    son.gen(i2, i3) = poblacio(cromosoma1).gen(i2, i3) 
                    daughter.gen(i2, i3) = poblacio(cromosoma2).gen(i2, i3) 
                Next 
                i2 = i2 + 1 
            Wend 
        End If 
    End If 
    'Mutacio & normalització 
    procMutacio son 
    procMutacio daughter 
    procNormalitzacio son 
    procNormalitzacio daughter 
     
    'Comprovació de que no està repetit 
    If repeticions > 20 Then 
        GoTo passar 
    End If 
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    For i2 = 1 To i - 1 
        vectors_iguals = True 
        diferencies = 0 
        For i3 = 1 To n_comandes 
            For i4 = 1 To n_maquines 
                If aux(i2).gen(i3, i4) <> son.gen(i3, i4) Then 
                    vectors_iguals = False 
                    diferencies = diferencies + 1 
                    GoTo seg 
                End If 
            Next 
seg: 
        Next 
        If diferencies < Int(((diferenciacio_aux / 100) * n_comandes) + 0.5) _ 
        And diferenciacio_aux >= 0.5 Then 
            vectors_iguals = True 
        End If 
         
        If vectors_iguals Then 
            diferenciacio_aux = diferenciacio_aux * 0.75 
            repeticions = repeticions + 1 
            GoTo nou: 
        End If 
    Next 
    For i2 = 1 To i - 1 
        vectors_iguals = True 
        diferencies = 0 
        For i3 = 1 To n_comandes 
            For i4 = 1 To n_maquines 
                If aux(i2).gen(i3, i4) <> daughter.gen(i3, i4) Then 
                    vectors_iguals = False 
                diferencies = diferencies + 1 
                GoTo seg2 
                End If 
            Next 
seg2: 
        Next 
        If diferencies < Int(((diferenciacio / 100) * n_comandes) + 0.5) _ 
        And diferenciacio_aux >= 0.5 Then 
            vectors_iguals = True 
        End If 
         
        If vectors_iguals Then 
            diferenciacio_aux = diferenciacio_aux * 0.75 
            repeticions = repeticions + 1 
            GoTo nou: 
        End If 
    Next 
passar: 
    'Còpia de l'offspring 
    For i2 = 1 To n_comandes 
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        For i3 = 1 To n_maquines 
            aux(i).gen(i2, i3) = son.gen(i2, i3) 
            aux(i + 1).gen(i2, i3) = daughter.gen(i2, i3) 
            If son.gen(i2, i3) <> 0 Or daughter.gen(i2, i3) <> 0 Then 
                If m_pt(i3, comandes(i2).producte) = 0 Then 
                    i4 = i4 / 0 
                End If 
            End If 
        Next 
    Next 
    i = i + 2 
    eleccio_cromosoma(cromosoma1) = eleccio_cromosoma(cromosoma1) + 1 
Wend 
End Sub 
 
Public Function fnSolucioRetardMinima_ga() As Integer 
Dim i As Integer 
Dim i_minim As Integer 
Dim minim As Long 
 
minim = valors_solucio_ga(1) 
i_minim = 1 
 
For i = 2 To poblacio_ga 
    If valors_solucio_ga(i) < minim Then 
        minim = valors_solucio_ga(i) 
        i_minim = 1 
    End If 
Next 
fnSolucioRetardMinima_ga = i_minim 
End Function 
 
Public Sub procCalculSolucioEDDCR(iteracio As Integer) 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim j As Integer, k As Integer 
Dim major_unitat As Boolean, menor_unitat As Boolean 
Dim T_prova As Long 
Dim i_CR As Integer 
Dim CR As Currency 
Dim num As Double 
Dim prob As Currency 
 
For i = 1 To n_maquines 'Inicialització de la matriu 
    ReDim maquines(i).assignades(1 To n_comandes) 
Next 
num = 0 
For i3 = 1 To n_comandes 
    i = fnPrioritat(i3) 
    prob = ((iteracio / (poblacio_ga - 1))) - (1 / (poblacio_ga - 1)) 
    Randomize 
    num = Rnd 
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    If num > prob Then 
        procCalculCR i 
        major_unitat = True 
        menor_unitat = True 
        For i2 = 1 To n_maquines 
            If comandes(i).CR(i2) < 1 Then 
                major_unitat = False 
            End If 
            If comandes(i).CR(i2) > 1 Then 
                menor_unitat = False 
            End If 
        Next 
        If major_unitat And Not menor_unitat Then 
            'Seleccionar el mínim 
            CR = comandes(i).CR(1) 
            i_CR = 1 
            For i2 = 1 To n_maquines 
                If comandes(i).CR(i2) < CR And comandes(i).CR(i2) > 0 _ 
                And m_pt(i2, comandes(i).producte) > 0 Then 
                    CR = comandes(i).CR(i2) 
                    i_CR = i2 
                End If 
            Next 
            If CR = 0 Then 
                i2 = i2 / 0 
            End If 
        End If 
     
        If menor_unitat And Not major_unitat Then 
            'Seleccionar el maxim 
            CR = comandes(i).CR(1) 
            i_CR = 1 
            If CR <= 0 Then 
                CR = -999 
            End If 
            For i2 = 1 To n_maquines 
                If comandes(i).CR(i2) > CR And m_pt(i2, comandes(i).producte) > 0 Then 
                    CR = comandes(i).CR(i2) 
                    i_CR = i2 
                End If 
            Next 
            If CR = -9999 Then 
                i2 = i2 / 0 
            End If 
        End If 
     
        If Not major_unitat And Not menor_unitat Then 
            'Seleccionar el maxim 
            CR = comandes(i).CR(1) 
            i_CR = 1 
            For i2 = 1 To n_maquines 
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                If comandes(i).CR(i2) > CR And m_pt(i2, comandes(i).producte) <> 0 Then 
                    CR = comandes(i).CR(i2) 
                    i_CR = i2 
                End If 
            Next 
            'Seleccionar el mínim major o igual a 1 
            For i2 = 1 To n_maquines 
                If comandes(i).CR(i2) < CR And comandes(i).CR(i2) >= 1 _ 
                And m_pt(i2, comandes(i).producte) > 0 Then 
                    CR = comandes(i).CR(i2) 
                    i_CR = i2 
                End If 
            Next 
            If CR = 0 Then 
                i2 = i2 / 0 
            End If 
        End If 
        j = i_CR 
        'Assigno la màquina j al producte/comanda i 
        If m_pt(j, comandes(i).producte) = 0 Then 
            i2 = i2 / 0 
        End If 
        comandes(i).maquina = j 
        'Afegir l'activitat i a la màquina j 
        k = 1 
        While maquines(j).assignades(k) <> 0 
            k = k + 1 
        Wend 
        maquines(j).assignades(k) = i 
        If m_pt(j, comandes(i).producte) = 0 Then 
            j = 5 
        End If 
        'Ordenació SFT 
        If maquines(j).assignades(2) <> 0 Then 
            procOrdenacioSFT maquines(j), comandes() 
        End If 
        procCalculMaquina maquines(j), comandes() 
    Else 
        Randomize 
        num = Rnd 
     
        While Int((n_maquines * num) + 0.5) = 0 
            Randomize 
            num = Rnd 
        Wend 
     
        While m_pt(Int((n_maquines * num) + 0.5), comandes(i).producte) = 0 
            Randomize 
            num = Rnd 
            While Int((n_maquines * num) + 0.5) = 0 
                Randomize 
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                num = Rnd 
            Wend 
        Wend 
     
        comandes(i).maquina = Int((n_maquines * num) + 0.5) 'Se li suma 0.5 per a treballar 
amb totes les màquines 
        i2 = 1 
        While maquines(comandes(i).maquina).assignades(i2) <> 0 And _ 
        i2 <= n_comandes - 1 
            i2 = i2 + 1 
        Wend 
        maquines(comandes(i).maquina).assignades(i2) = i 
        If m_pt(maquines(comandes(i).maquina).nombre, comandes(i).producte) = 0 Then 
            j = 5 
        End If 
        If maquines(comandes(i).maquina).assignades(2) <> 0 Then 
            procOrdenacioSFT maquines(comandes(i).maquina), comandes() 
        End If 
        procCalculMaquina maquines(comandes(i).maquina), comandes() 
    End If 
Next 
End Sub 
 
Public Function fnVectorsIguals(a() As Integer, fila As Integer, b() As Integer) As Integer 
Dim i As Integer 
Dim iguals As Boolean 
 
iguals = True 
For i = 1 To n_comandes 
    If a(i) <> b(i) Then 
        iguals = False 
    End If 
Next 
fnVectorsIguals = iguals 
End Function 
 
Public Sub procOrdenacioCromosomes() 
Dim i As Integer, i2 As Integer 
Dim i_maxim 
Dim ordenat() As Boolean 
Dim aux As individu 
Dim ordenats As Boolean 
ReDim ordenat(1 To poblacio_ga) 
Dim posicio As Integer 
 
posicio = poblacio_ga 
ordenats = False 
ReDim aux.gen(1 To n_comandes, 1 To n_maquines) 
 
While Not ordenats 
    i = 1 
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    While ordenat(i) 
        i = i + 1 
    Wend 
    i_maxim = i 
    For i = 1 To poblacio_ga 
        If poblacio(i).retard > poblacio(i_maxim).retard And Not ordenat(i) Then 
            i_maxim = i 
        End If 
    Next 'Tinc el màxim no ordenat: l'he de posar a l'última posició 
     
    'Copio "posicio" a l'auxiliar 
    For i = 1 To n_comandes 
        For i2 = 1 To n_maquines 
            aux.gen(i, i2) = poblacio(posicio).gen(i, i2) 
        Next 
    Next 
    aux.fitness = poblacio(posicio).fitness 
    aux.retard = poblacio(posicio).retard 
     
    'Em carrego "posicio" 
    For i = 1 To n_comandes 
        For i2 = 1 To n_maquines 
            poblacio(posicio).gen(i, i2) = poblacio(i_maxim).gen(i, i2) 
        Next 
    Next 
    poblacio(posicio).fitness = poblacio(i_maxim).fitness 
    poblacio(posicio).retard = poblacio(i_maxim).retard 
     
    'Copio l'auxiliar al màxim anterior 
    For i = 1 To n_comandes 
        For i2 = 1 To n_maquines 
            poblacio(i_maxim).gen(i, i2) = aux.gen(i, i2) 
        Next 
    Next 
    poblacio(i_maxim).fitness = aux.fitness 
    poblacio(i_maxim).retard = aux.retard 
     
    ordenat(posicio) = True 
    ordenats = True 
    For i = 1 To poblacio_ga 
        ordenats = ordenats * ordenat(i) 
    Next 
    posicio = posicio - 1 
Wend 
End Sub 
 
Public Function fnMinim(a As Integer, b As Integer) As Integer 
If a < b Then 
    fnMinim = a 
    Exit Function 
Else 
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    fnMinim = b 
    Exit Function 
End If 
End Function 
 
Public Sub procCalculInformacio() 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim informacio_aux() As Boolean 
Dim n As Integer, n2 As Integer 
 
ReDim informacio(1 To n_comandes) 
ReDim informacio_aux(1 To n_maquines, 1 To n_comandes) 
     
For i = 1 To poblacio_ga 
    For i2 = 1 To n_comandes 
        For i3 = 1 To n_maquines 
            If poblacio(i).gen(i2, i3) <> 0 Then 
                informacio_aux(i3, i2) = True 
            End If 
        Next 
    Next 
Next 
 
 
For i = 1 To n_comandes 
    n = 0 
    n2 = 0 
    For i2 = 1 To n_maquines 
        If informacio_aux(i2, i) Then 
            n = n + 1 
        End If 
        If maquines(i2).seleccio(comandes(fnPrioritat(i)).producte) Then 
            n2 = n2 + 1 
        End If 
    Next 
    informacio(i) = n / n2 
Next 
End Sub 
 
Public Function fnCalculMitjaInformacio(informacio() As Currency) As Currency 
Dim i As Integer 
Dim suma As Currency 
suma = 0 
For i = 1 To n_comandes 
    suma = suma + informacio(i) 
Next 
fnCalculMitjaInformacio = suma / n_comandes 
End Function 
 
Public Sub procNormalitzacio(individu As individu) 
Dim i As Integer 
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procDeteccioProblemes2 individu 
'For i = 11 To 2 * poblacio_ga 
    If individu.duplicat Then 
        procDuplicacio2 individu 
    End If 
'Next 
'For i = 1 To 2 * poblacio_ga 
    individu.duplicat = False 
'Next 
procDeteccioProblemes 
'For i = 11 To 2 * poblacio_ga 
    If individu.duplicat Then 
        procDuplicacio2 individu 
    End If 
'Next 
procMindTheGap individu 
End Sub 
Public Sub procDeteccioProblemes2(individu As individu) 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim i4 As Integer 
 
'For i = 11 To 2 * poblacio_ga 
    For i2 = 1 To n_maquines 
        For i3 = 1 To n_comandes - 1 
            i4 = i3 + 1 
            While i4 <= n_comandes 
                If individu.gen(i3, i2) = individu.gen(i4, i2) And _ 
                individu.gen(i3, i2) > 0 And individu.gen(i4, i2) > 0 Then 
                    individu.duplicat = True 
                    GoTo sortir 
                End If 
                i4 = i4 + 1 
            Wend 
        Next 
    Next 
sortir: 
'Next 
End Sub 
Public Sub procDuplicacio2(individu As individu) 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim anterior As Integer 
 
For i = 1 To n_maquines 
tornar: 
    For i2 = 1 To n_comandes - 1 
        i3 = i2 + 1 
        While i3 <= n_comandes 
            If individu.gen(i2, i) = individu.gen(i3, i) And _ 
            individu.gen(i2, i) > 0 And individu.gen(i3, i) > 0 Then 
                'Hem de guardar el producte enterior 
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                If i2 = 1 Then 
                    anterior = estat_inicial(i) 
                Else 
                    anterior = comandes(i2 - 1).producte 
                End If 
                If maquines(i).temps_canvi(anterior, comandes(i2).producte) + _ 
                maquines(i).temps_canvi(comandes(i2).producte, comandes(i3).producte) > 
maquines(i).temps_canvi(anterior, comandes(i3).producte) + _ 
                maquines(i).temps_canvi(comandes(i3).producte, comandes(i2).producte) Then 
                    individu.gen(i2, i) = individu.gen(i2, i) + 1 
                    GoTo tornar 
                Else 
                    individu.gen(i3, i) = individu.gen(i3, i) + 1 
                    GoTo tornar 
                End If 
            End If 
            i3 = i3 + 1 
        Wend 
    Next 
Next 
End Sub 
Public Sub procMindTheGap(individu As individu) 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim ordre As Integer 
Dim ordenades() As Boolean 
Dim ordenats As Integer 
Dim minim As Integer 
Dim i_minim As Integer 
Dim longitud As Integer 
Dim copia() As Integer 
 
For i = 1 To n_maquines 
    longitud = 0 
    For i2 = 1 To n_comandes 
        If individu.gen(i2, i) > 0 Then 
            longitud = longitud + 1 
        End If 
    Next 
    ReDim copia(1 To n_comandes) 
    ReDim ordenades(1 To n_comandes) 
    For i2 = 1 To n_comandes 
        copia(i2) = individu.gen(i2, i) 
        If copia(i2) = 0 Then 
            ordenades(i2) = True 
        End If 
    Next 
    ordre = 1 
    While ordre <= longitud 
        i2 = 1 
        While ordenades(i2) 
            i2 = i2 + 1 
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        Wend 
        minim = copia(i2) 
        i_minim = i2 
        For i2 = i_minim To n_comandes 
            If Not ordenades(i2) And copia(i2) < minim Then 
                i_minim = i2 
                minim = copia(i2) 
            End If 
        Next 
        ordenades(i_minim) = True 
        individu.gen(i_minim, i) = ordre 
        ordre = ordre + 1 
    Wend 
Next 
End Sub 
Public Sub procDeteccioProblemes() 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim i4 As Integer 
 
For i = 11 To 2 * poblacio_ga 
    For i2 = 1 To n_maquines 
        For i3 = 1 To n_comandes - 1 
            i4 = i3 + 1 
            While i4 <= n_comandes 
                If aux(i).gen(i3, i2) = aux(i).gen(i4, i2) And _ 
                aux(i).gen(i3, i2) > 0 And aux(i).gen(i4, i2) > 0 Then 
                    aux(i).duplicat = True 
                    GoTo sortir 
                End If 
                i4 = i4 + 1 
            Wend 
        Next 
    Next 
sortir: 
Next 
End Sub 
Public Sub procDuplicacio(ordre As Integer) 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim anterior As Integer 
 
For i = 1 To n_maquines 
tornar: 
    For i2 = 1 To n_comandes - 1 
        i3 = i2 + 1 
        While i3 <= n_comandes 
            If aux(ordre).gen(i2, i) = aux(ordre).gen(i3, i) And _ 
            aux(ordre).gen(i2, i) > 0 And aux(ordre).gen(i3, i) > 0 Then 
                'Hem de guardar el producte anterior 
                If i2 = 1 Then 
                    anterior = estat_inicial(i) 
                Else 
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                    anterior = comandes(i2 - 1).producte 
                End If 
                If maquines(i).temps_canvi(anterior, comandes(i2).producte) + _ 
                maquines(i).temps_canvi(comandes(i2).producte, comandes(i3).producte) > 
maquines(i).temps_canvi(anterior, comandes(i3).producte) + _ 
                maquines(i).temps_canvi(comandes(i3).producte, comandes(i2).producte) Then 
                    aux(ordre).gen(i2, i) = aux(ordre).gen(i2, i) + 1 
                    GoTo tornar 
                Else 
                    aux(ordre).gen(i3, i) = aux(ordre).gen(i3, i) + 1 
                    GoTo tornar 
                End If 
            End If 
            i3 = i3 + 1 
        Wend 
    Next 
Next 
End Sub 
 
Public Sub procSolucioFinal(solucio() As individu, ordre As Integer) 
Dim i As Integer, i2 As Integer, i3 As Integer, i_minim As Integer 
Dim minim As Integer 
Dim escollits() As Boolean, escollides As Boolean 
Dim assignades As Integer 
 
For i = 1 To n_maquines 
    ReDim maquines(i).assignades(1 To n_comandes) 
Next 
 
'Tornada a l'estat inicial de les màquines 
For i = 1 To n_maquines 
    maquines(i).actual = estat_inicial(i) 
Next 
 
For i = 1 To n_maquines 
    ReDim escollits(1 To n_comandes) 
    For i2 = 1 To n_comandes 
        If solucio(ordre).gen(i2, i) = 0 Then 
            escollits(i2) = True 
        End If 
    Next 
    escollides = True 
    For i2 = 1 To n_comandes 
        escollides = escollides * escollits(i2) 
    Next 
    assignades = 1 
    While Not escollides 
        'Buscar mínim 
        i3 = 1 
        While escollits(i3) And i3 < n_comandes 
            i3 = i3 + 1 
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        Wend 
        i_minim = i3 
        minim = solucio(ordre).gen(i_minim, i) 
        While i3 < n_comandes And Not escollits(i3) 
            If solucio(ordre).gen(i3, i) < minim Then 
                i_minim = i3 
                minim = solucio(ordre).gen(i3, i) 
            End If 
            i3 = i3 + 1 
        Wend 
        escollits(i_minim) = True 
        maquines(i).assignades(assignades) = comandes(i_minim).nombre 
        comandes(i_minim).maquina = i 
        assignades = assignades + 1 
        escollides = True 
        For i2 = 1 To n_comandes 
            escollides = escollides * escollits(i2) 
        Next 
    Wend 
Next 
  
For i = 1 To n_maquines 
    procOrdenacioSFT maquines(i), comandes() 
    procCalculMaquina maquines(i), comandes() 
Next 
procCalculRetardGlobal 
Form7.Label1(0).Caption = "SOLUCIÓ FINAL (T=" & t & ")" 
procDibuixGantt 
End Sub 
 
Public Sub procGrafic() 
Dim i As Integer, i2 As Integer 
Dim matriu_valors() 
Dim retards() 
Dim maxim As Long 
maxim = 0 
For i = 1 To poblacio_ga 
    i2 = 1 
    While retard(i, i2) > 0 
        i2 = i2 + 1 
    Wend 
    If i2 > maxim Then 
        maxim = i2 
    End If 
Next 
ReDim retards(1 To maxim, 1 To poblacio_ga) 
 
For i = 1 To poblacio_ga 
    For i2 = 1 To maxim - 1 
        retards(i2, i) = retard(i, i2) 
    Next 
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Next 
End Sub 
 
Public Sub procOrdenacioSFT(maquina As maquina, comandes() As comanda) 
Dim i As Integer, longitud As Integer, ordre As Integer 
Dim copia_assignades() As Integer 
Dim ordenades() As Boolean 
Dim ordenat As Boolean 
Dim sft() As Currency 
Dim minim As Currency 
Dim i_minim As Integer 
ReDim copia_assignades(1 To n_comandes) 
i = 1 
While maquina.assignades(i) <> 0 
    copia_assignades(i) = maquina.assignades(i) 
    i = i + 1 
Wend 
longitud = i - 1 
If longitud = 0 Then 
    GoTo final 
End If 
ReDim sft(1 To longitud) 
ReDim ordenades(1 To longitud) 
maquina.actual = estat_inicial(maquina.nombre) 
If longitud >= 2 Then 
    For i = 1 To longitud 
        sft(i) = comandes(copia_assignades(i)).due_date - _ 
        ((maquina.temps_canvi(maquina.actual, comandes(copia_assignades(i)).producte)) 
+ _ 
        (m_pt(maquina.nombre, comandes(copia_assignades(i)).producte) * 
comandes(copia_assignades(i)).quantitat)) 
    Next 
    ordenat = False 
    ordre = 1 
    While Not ordenat 
        i = 1 
        While ordenades(i) And i <= longitud 
            i = i + 1 
        Wend 
        minim = sft(i) 
        i_minim = i 
        While i <= longitud 
            If sft(i) < minim And Not ordenades(i) Then 
                minim = sft(i) 
                i_minim = i 
            End If 
            i = i + 1 
        Wend 
        maquina.assignades(ordre) = copia_assignades(i_minim) 
        ordre = ordre + 1 
        ordenades(i_minim) = True 
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        ordenat = True 
        For i = 1 To longitud 
            ordenat = ordenat * ordenades(i) 
        Next 
    Wend 
End If 
final: 
End Sub 
 
Public Sub procMatriuTempsCanvi(i As Integer) 
Dim i2 As Integer, i3 As Integer 
Dim escrits As Integer 
Form3.Label1(2).Visible = True 
escrits = 0 
maquina = i  
Dim fila As Integer, columna As Integer 
Dim productes As Integer 'Nombre de productes que pot fer 
 
Form3.Label1(2).Caption = "Temps de canvi de la màquina " & maquina 
productes = 0 
For i = 1 To n_productes 
    If maquines(maquina).seleccio(i) = True Then 
        productes = productes + 1 
    End If 
Next 
maquines(maquina).quantitat = productes 
Form3.MSHFlexGrid3.Clear 
Form3.MSHFlexGrid3.Rows = productes + 1 
Form3.MSHFlexGrid3.Cols = productes + 1 
Form3.MSHFlexGrid3.Row = 0 
Form3.MSHFlexGrid3.Col = 0 
Form3.MSHFlexGrid3.CellAlignment = 4 
Form3.MSHFlexGrid3.Text = "M" & maquina 
 
For i = 0 To n_productes + 1 
    Form3.MSHFlexGrid3.ColWidth(i) = 500 
Next 
 
fila = 1 
columna = 1 
 
'Escriptura de les cel·les fixes de la matriu de canvi 
For i = 1 To n_productes 
    If maquines(maquina).seleccio(i) Then 
        Form3.MSHFlexGrid3.Row = 0 
        Form3.MSHFlexGrid3.Col = columna 
        Form3.MSHFlexGrid3.CellAlignment = 4 
        Form3.MSHFlexGrid3.Text = "P" & i 
        columna = columna + 1 
         
        Form3.MSHFlexGrid3.Row = fila 
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        Form3.MSHFlexGrid3.Col = 0 
        Form3.MSHFlexGrid3.CellAlignment = 4 
        Form3.MSHFlexGrid3.Text = "P" & i 
        fila = fila + 1 
    End If 
Next 
 
fila = 1 
columna = 1 
For i = 1 To n_productes 
    For i2 = 1 To n_productes 
        Form3.MSHFlexGrid3.Row = fila 
        Form3.MSHFlexGrid3.Col = columna 
        If fila = columna Then 
            Form3.MSHFlexGrid3.CellBackColor = 0 
            Form3.MSHFlexGrid3.CellAlignment = 4 
            Form3.MSHFlexGrid3.Text = 0 
            columna = columna + 1 
            escrits = escrits + 1 
        Else 
            If maquines(maquina).temps_canvi(i, i2) <> 0 Then 
                Form3.MSHFlexGrid3.CellAlignment = 4 
                Form3.MSHFlexGrid3.Text = maquines(maquina).temps_canvi(i, i2) 
                columna = columna + 1 
                escrits = escrits + 1 
            End If 
        End If 
         
        If columna > maquines(maquina).quantitat Then 
            fila = fila + 1 
            columna = 1 
        End If 
        If escrits = (maquines(maquina).quantitat * (maquines(maquina).quantitat - 1)) + 
maquines(maquina).quantitat Then 
            GoTo final 
        End If 
    Next 
Next 
final: 
End Sub 
Public Sub procEspera(segons As Single) 
Dim iniciseg As Single, finalseg As Single 
iniciseg = Timer 
finalseg = iniciseg + segons 
 
While finalseg > Timer 
    If iniciseg > Timer Then 
        finalseg = finalseg - 24 * 60 * 60 
    End If 
Wend 
End Sub 
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Public Sub procAutomatic() 
Dim i As Integer, i2 As Integer 
Dim fitxer As String 
MDIForm1.ProgressBar1.Visible = True 
MDIForm1.ProgressBar1.Max = n_exemplars 
MDIForm1.ProgressBar1.Value = 0 
Open "c:\experiencia_completa.txt" For Output As #3 
Open "c:\experiencia.txt" For Output As #2 
procEscripturaFiligranaAuto 
t5 = Time 
For exempleAuto = 1 To n_exemplars 
    ReDim experiencia(1 To 4) 
    For i = 1 To 4 
        experiencia(i) = -1 
    Next 
    t1 = Time 
    MDIForm1.ProgressBar1.Value = exempleAuto 
    aconseguit = False 
    procLecturaComandesAuto (exempleAuto) 
    procProgramacioAuto 
    t2 = Time 
    t3 = t2 - t1 
    t3 = Str(t3) 
    t4 = Mid(t3, 7, 2) 
    If experiencia(3) > experiencia(2) And creuament < 100 Then 
        experiencia(3) = experiencia(3) / 0 
    End If 
    experiencia(4) = t4 
    procEscripturaAuto (exempleAuto) 
    procEscripturaExpe (exempleAuto) 
Next 
t6 = Time 
t7 = t6 - t5 
t7 = Str(t7) 
t8 = Mid(t7, 7, 2) 
MDIForm1.ProgressBar1.Visible = False 
MDIForm1.ProgressBar1.Value = 0 
Print #3, 
Print #3, "Temps total de càlcul: " & t8 & " segons" 
Print #3, 
Print #3, 
Print #3, "=========================   Final de l'arxiu   
=================================================================
===" 
End Sub 
 
Public Sub procIndividual() 
Dim i As Integer, i2 As Integer 
Dim fitxer As String 
MDIForm1.ProgressBar1.Visible = True 
Pàg. 54 Procediments heurístics de programació de comandes en diferents màquines amb temps de preparació depenents de la seqüència 
 
MDIForm1.ProgressBar1.Max = regeneracions 
MDIForm1.ProgressBar1.Value = 0 
Open "c:\experiencia_completa.txt" For Output As #3 
Open "c:\experiencia.txt" For Output As #2 
procEscripturaFiligranaAuto 
t5 = Time 
ReDim experiencia(1 To 4) 
For i = 1 To 4 
    experiencia(i) = -1 
Next 
t1 = Time 
aconseguit = False 
procProgramacioAuto 
t2 = Time 
t3 = t2 - t1 
t3 = Str(t3) 
t4 = Mid(t3, 7, 2) 
'If experiencia(3) > experiencia(2) And creuament < 100 Then 
'    experiencia(3) = experiencia(3) / 0 
'End If 
experiencia(4) = t4 
procEscripturaAuto (exemple) 
procEscripturaExpe (exemple) 
t6 = Time 
t7 = t6 - t5 
t7 = Str(t7) 
t8 = Mid(t7, 7, 2) 
MDIForm1.ProgressBar1.Visible = False 
MDIForm1.ProgressBar1.Value = 0 
Print #3, 
Print #3, "Temps total de càlcul: " & t8 & " segons" 
Print #3, 
Print #3, 
Print #3, "=========================   Final de l'arxiu   
=================================================================
===" 
 
End Sub 
Public Sub procLecturaCapAuto() 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim element As String 
Dim contingut_linia_anterior As String 
Dim nombre_linia As Integer 
 
 
While Not EOF(1) 
    'Nombre de productes i de màquines 
    contingut_linia_anterior = contingut_linia 
    Input #1, contingut_linia 
    procLecturaRegistre contingut_linia 
    nombre_linia = nombre_linia + 1 
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    n_productes = registre_aux(1) 
    n_maquines = registre_aux(2) 
    ReDim m_pt(1 To n_maquines, 1 To n_productes) 
    ReDim maquines(1 To n_maquines) 
    ReDim estat_inicial(1 To n_maquines) 
    For i = 1 To n_maquines 
        ReDim maquines(i).temps_canvi(1 To n_productes, 1 To n_productes) 
        ReDim maquines(i).seleccio(1 To n_productes) 
    Next 
     
    'Lectura temps unitaris i de preparació 
    For i = 1 To n_maquines 
        maquines(i).nombre = i 
        Input #1, contingut_linia 'Lectura de la següent línia 
        procLecturaRegistre contingut_linia 
        For i2 = 0 To n_productes - 1 
            m_pt(i, i2 + 1) = registre_aux(2 * i2 + 1) 
        Next 
        For i2 = 1 To n_productes 
            For i3 = 1 To n_productes 
                If i2 = i3 Then 
                    maquines(i).temps_canvi(i3, i2) = 0 
                Else 
                    maquines(i).temps_canvi(i3, i2) = registre_aux(2 * i2) 
                End If 
            Next 
        Next 
    Next 
    For i = 1 To n_maquines 
        For i2 = 1 To n_productes 
            If m_pt(i, i2) > 0 Then 
                maquines(i).seleccio(i2) = True 
            End If 
        Next 
    Next 
    GoTo fi 
Wend 
fi: 
End Sub 
 
Public Sub procLecturaComandesAuto(exemple As Integer) 
Dim i As Integer, i2 As Integer 
Dim nombre_linia As Integer 
Dim element As String 
     
     
    'Cerca de l'exemplar 
    While Mid(contingut_linia, 1, 1) <> "E" Or Mid(contingut_linia, 10, 3) <> exemple 
        nombre_linia = nombre_linia + 1 
        Input #1, contingut_linia 
    Wend 
Pàg. 56 Procediments heurístics de programació de comandes en diferents màquines amb temps de preparació depenents de la seqüència 
 
         
    'Estat inicial màquines 
    nombre_linia = nombre_linia + 1 
    Input #1, contingut_linia 
    procLecturaRegistre contingut_linia 
    i = 1 
    i2 = 1 
    While i <= registre_aux_elements 
        If registre_aux(i) <> 0 Then 
            estat_inicial(i2) = registre_aux(i) 
            maquines(i2).actual = registre_aux(i) 
            i2 = i2 + 1 
        End If 
        i = i + 1 
    Wend 
     
    'Lectura comandes 
    n_comandes = 0 
    ReDim comandes(1 To 25) 
    nombre_linia = nombre_linia + 1 
    Input #1, contingut_linia 
    While Mid(contingut_linia, 1, 1) <> "E" 
        element = Mid(contingut_linia, 1, 10) 
        i = Val(element) 
        comandes(i).nombre = i 
         
        element = Mid(contingut_linia, 10, 15) 
        i2 = Val(element) 
        comandes(i).due_date = i2 
         
        element = Mid(contingut_linia, 25, 10) 
        i2 = Val(element) 
        comandes(i).producte = i2 
         
        element = Mid(contingut_linia, 35, 13) 
        i2 = Val(element) 
        comandes(i).quantitat = i2 
         
        n_comandes = n_comandes + 1 
        If exemple = 100 And n_comandes = 24 Then 
            GoTo fi 
        Else 
            nombre_linia = nombre_linia + 1 
            Input #1, contingut_linia 
        End If 
    Wend 
     
    'Regeneracions 
    If Form9.Option5.Value Then 
        regeneracions = n_comandes 
    Else 
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        If Form9.Option6.Value Then 
            regeneracions = 2 * n_comandes 
        Else 
            If Form9.Option13.Value Then 
                regeneracions = 3 * n_comandes 
            Else 
             
                If Form9.Text1.Text > 0 Then 
                    regeneracions = Form9.Text1.Text 
                Else 
                MsgBox "Introduir un valor vàlid.", vbCritical, "Valor incorrecte" 
                End If 
            End If 
        End If 
    End If 
    If Form9.Option7.Value Then 
        If Val(Form9.Text1.Text) > 100 Then 
            MsgBox "Introduir un valor inferior a 100.", vbInformation, "Valor incorrecte" 
        End If 
    End If 
fi: 
End Sub 
 
Public Sub procProgramacioAuto() 
Dim i As Integer 
procPoblacioInicialAuto 
If Not aconseguit Then 
    procGeneticAuto 
Else 
    If Not auto Then 
        For i = 1 To regeneracions 
            MDIForm1.ProgressBar1.Value = i 
        Next 
    End If 
End If 
End Sub 
 
Public Sub procPoblacioInicialAuto() 
Dim i As Integer, i2 As Integer, i3 As Integer, i4 As Integer, longitud As Integer 
Dim prova As Integer 
Dim aux() As Long 
Dim aux2 As Long 
MDIForm1.ProgressBar1.Visible = True 
 
ReDim aux(1 To 2) 
aux(1) = 99999 
aux(2) = 99999 
 
If Form9.Option1.Value = True Then 
    poblacio_ga = 10 
Else 
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    If Form9.Option2.Value = True Then 
        If n_comandes Mod 2 = 1 Then 
            poblacio_ga = (n_comandes - 1) / 2 
        Else 
            poblacio_ga = n_comandes / 2 
        End If 
    Else 
        If Form9.Option10.Value = True Then 
            If n_comandes Mod 2 = 1 Then 
                poblacio_ga = n_comandes - 1 
            Else 
                poblacio_ga = n_comandes 
            End If 
        End If 
    End If 
End If 
 
ReDim valors_solucio_ga(1 To poblacio_ga) 
ReDim eleccio_cromosoma(1 To poblacio_ga) 
ReDim poblacio(1 To poblacio_ga) 
For i = 1 To poblacio_ga 
    ReDim poblacio(i).gen(1 To n_comandes, 1 To n_maquines) 
Next 
 
procCalculPrioritatEDD 
For i = 1 To poblacio_ga 
    procCalculSolucioEDDCR i 
    procOrdreRetard 
    procCalculRetardGlobal 
    individu = i 
    canvi = 1 
    aux2 = t 
    If heuristicaAED And t > 0 Then 
        procMilloraGreedy i 
        procOrdreRetard 
        procCalculRetardGlobal 
        If t < aux(2) Then 
            aux(1) = aux2 
            aux(2) = t 
        End If 
    Else 
        If Not heuristicaAED Then 
            aux(1) = t 
            aux(2) = t 
        End If 
    End If 
     
    For i2 = 1 To n_maquines 
        i3 = 1 
        While maquines(i2).assignades(i3) <> 0 
            poblacio(i).gen(maquines(i2).assignades(i3), maquines(i2).nombre) = i3 
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            poblacio(i).retard = t 
            poblacio(i).c_max = c_max 
            i3 = i3 + 1 
            If t = 0 Then 
                aconseguit = True 
                GoTo final 
            End If 
        Wend 
    Next 
Next 
final: 
If auto Then 
    experiencia(1) = aux(1) 
    experiencia(2) = aux(2) 
    If experiencia(2) = 0 Then 
        experiencia(3) = 0 
    End If 
End If 
End Sub 
Public Sub procEscripturaAuto(exemplar As Integer) 
Dim i As Integer, i2 As Integer 
Dim a As String, b As String 
Dim anterior As Integer, actual As Integer 
a = Str(exemplar) 
b = "Exemplar " 
b = b & a 
Print #3, 
Print #3, 
Print #3, "=======================================", b, 
"===========================================================" 
a = Str(t) 
b = "Millor retard aconseguit: T= " 
b = b & a 
Print #3, b 
Print #3, "Temps de càlcul: " & t4 & " segon(s)" 
Print #3, 
Print #3, "Data de lliurament de les comandes:" 
For i = 1 To n_comandes 
    Print #3, i, comandes(i).temps_final 
Next 
Print #3, 
Print #3, "Programa de producció de màquines:" 
For i = 1 To n_maquines 
    i2 = 1 
    a = "(" & Str(estat_inicial(i)) & " )" 
    anterior = estat_inicial(i) 
    While maquines(i).assignades(i2) <> 0 
        a = a & Str(maquines(i).assignades(i2)) 
        i2 = i2 + 1 
    Wend 
    a = "Màquina " & Str(i) & ": " & a 
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    Print #3, a 
    i2 = 1 
    Print #3, " k", " i", " s", " st", " q", " p", " c", " d", " T" 
    While maquines(i).assignades(i2) <> 0 
        actual = comandes(maquines(i).assignades(i2)).producte 
        Print #3, maquines(i).assignades(i2), 
comandes(maquines(i).assignades(i2)).producte, _ 
        maquines(i).temps_canvi(anterior, actual), _ 
        comandes(maquines(i).assignades(i2)).temps_inici, _ 
        comandes(maquines(i).assignades(i2)).quantitat, _ 
        m_pt(i, comandes(maquines(i).assignades(i2)).producte), _ 
        comandes(maquines(i).assignades(i2)).temps_final, _ 
        comandes(maquines(i).assignades(i2)).due_date, _ 
        comandes(maquines(i).assignades(i2)).retard 
        i2 = i2 + 1 
        anterior = actual 
    Wend 
Next 
End Sub 
 
Public Sub procEscripturaFiligranaAuto() 
Print #3, 
Print #3, 
"================================================================
==================================================" 
Print #3, "                                           Pro Scheduling per a Windows" 
Print #3, "                                               Versió freeware 1.0.1" 
Print #3, 
"================================================================
==================================================" 
Print #3, 
Print #3, "Resultats de " & path2 
End Sub 
Public Sub procEscripturaExpe(exemplar As Integer) 
Print #2, exemplar, experiencia(1), experiencia(2), experiencia(3), experiencia(4) 
End Sub 
 
Public Sub procGeneticAuto() 
Dim i As Integer, i_minim As Integer 
i = 1 
If Not auto Then 
    MDIForm1.ProgressBar1.Max = regeneracions 
End If 
While i <= regeneracions 
    If Not auto Then 
        MDIForm1.ProgressBar1.Value = i 
    End If 
    procCalculFitnessAuto 
    procOrdenacioCromosomes 'Igual en mode manual i automàtic 
    procCrossover 'Considera l'elitisme i mutacions 
    procCalculVectorSolucions 
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    i = i + 1 
Wend 
i_minim = 1 
For i = 1 To poblacio_ga 
    If poblacio(i).retard < poblacio(i_minim).retard Then 
        i_minim = i 
    End If 
Next 
procCapturaMillorSolucio poblacio(), i_minim 
experiencia(3) = poblacio(i_minim).retard 
End Sub 
 
Public Sub procCalculFitnessAuto() 
Dim i As Integer, i2 As Integer, i3 As Integer 
Dim suma As Currency 
Dim i_maxim As Integer 
Dim seleccionats() As Boolean 
Dim acabar As Boolean 
Dim Index As Integer 
Dim minim As Currency 
Dim i_minim As Integer 
Dim maxim As Long 
 
ReDim seleccionats(1 To poblacio_ga) 
ReDim valors_fitness_ga(1 To poblacio_ga) 
suma = 0 
 
'Per si es troba la solució al problema 
For i = 1 To poblacio_ga 
    If poblacio(i).retard = 0 Then 
        aconseguit = True 
    End If 
Next 
 
minim = poblacio(1).retard 
i_minim = 1 
For i = 2 To poblacio_ga 
    If poblacio(i).retard < minim Then 
        minim = poblacio(i).retard 
        i_minim = i 
    End If 
Next 
 
For i = 1 To poblacio_ga 
    If poblacio(i_minim).retard = 0 Then 
        poblacio(i).fitness = 1 
    Else 
        poblacio(i).fitness = poblacio(i).retard / poblacio(i_minim).retard 
    End If 
Next 
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poblacio(i_minim).fitness = 1 
For i = 1 To poblacio_ga 
    If i <> i_minim Then 
        poblacio(i_minim).fitness = poblacio(i_minim).fitness + (1 / poblacio(i).fitness) 
    End If 
Next 
poblacio(i_minim).fitness = 1 / poblacio(i_minim).fitness 
 
For i = 1 To poblacio_ga 
    If i <> i_minim Then 
        poblacio(i).fitness = poblacio(i_minim).fitness / poblacio(i).fitness 
    End If 
Next 
     
If fitness_c_max Then 
    minim = poblacio(1).c_max 
    i_minim = 1 
    For i = 2 To poblacio_ga 
        If poblacio(i).c_max < minim Then 
            minim = poblacio(i).c_max 
            i_minim = i 
        End If 
    Next 
 
    For i = 1 To poblacio_ga 
        poblacio(i).fitness_c_max = poblacio(i).c_max / poblacio(i_minim).c_max 
    Next 
 
    poblacio(i_minim).fitness_c_max = 1 
    For i = 1 To poblacio_ga 
        If i <> i_minim Then 
            poblacio(i_minim).fitness_c_max = poblacio(i_minim).fitness_c_max + (1 / 
poblacio(i).fitness_c_max) 
        End If 
    Next 
    poblacio(i_minim).fitness_c_max = 1 / poblacio(i_minim).fitness_c_max 
 
    For i = 1 To poblacio_ga 
        If i <> i_minim Then 
            poblacio(i).fitness_c_max = poblacio(i_minim).fitness_c_max / 
poblacio(i).fitness_c_max 
        End If 
    Next 
    For i = 1 To poblacio_ga 
        poblacio(i).fitness = (w1 * poblacio(i).fitness) + (w2 * poblacio(i).fitness_c_max) 
    Next 
End If 
     
fi: 
End Sub 
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Public Sub procCapturaMillorSolucio(solucio() As individu, ordre As Integer) 
Dim i As Integer, i2 As Integer, i3 As Integer, i_minim As Integer 
Dim minim As Integer 
Dim escollits() As Boolean, escollides As Boolean 
Dim assignades As Integer 
 
For i = 1 To n_maquines 
    ReDim maquines(i).assignades(1 To n_comandes) 
Next 
 
'Tornada a l'estat inicial de les màquines 
For i = 1 To n_maquines 
    maquines(i).actual = estat_inicial(i) 
Next 
 
For i = 1 To n_maquines 
    ReDim escollits(1 To n_comandes) 
    For i2 = 1 To n_comandes 
        If solucio(ordre).gen(i2, i) = 0 Then 
            escollits(i2) = True 
        End If 
    Next 
    escollides = True 
    For i2 = 1 To n_comandes 
        escollides = escollides * escollits(i2) 
    Next 
    assignades = 1 
    While Not escollides 
        'Buscar mínim 
        i3 = 1 
        While escollits(i3) And i3 < n_comandes 
            i3 = i3 + 1 
        Wend 
        i_minim = i3 
        minim = solucio(ordre).gen(i_minim, i) 
        While i3 < n_comandes And Not escollits(i3) 
            If solucio(ordre).gen(i3, i) < minim Then 
                i_minim = i3 
                minim = solucio(ordre).gen(i3, i) 
            End If 
            i3 = i3 + 1 
        Wend 
        escollits(i_minim) = True 
        maquines(i).assignades(assignades) = comandes(i_minim).nombre 
        comandes(i_minim).maquina = i 
        assignades = assignades + 1 
        escollides = True 
        For i2 = 1 To n_comandes 
            escollides = escollides * escollits(i2) 
        Next 
    Wend 
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Next 
  
For i = 1 To n_maquines 
    procOrdenacioSFT maquines(i), comandes() 
    procCalculMaquina maquines(i), comandes() 
Next 
procCalculRetardGlobal 
End Sub 
 
form1.fmr 
 
Option Explicit 
 
Private Sub automatic_Click() 
procAutomatic 
End Sub 
 
Private Sub dades_exemplar_Click() 
Load Form3 
End Sub 
 
Private Sub exec_Click() 
If auto Then 
    procAutomatic 
Else 
    procIndividual 
End If 
End Sub 
 
Private Sub Form_Load() 
Form1.dades_exemplar.Enabled = False 
Form1.exec.Enabled = False 
MDIForm1.ProgressBar1.Visible = False 
MDIForm1.StatusBar1.Visible = False 
End Sub 
 
Private Sub obrir_Click() 
auto = False 
On Error GoTo ManipularErrorObrir 
CommonDialog1.Orientation = cdlLandscape 
CommonDialog1.CancelError = True 
CommonDialog1.Filter = "Fitxer de text (*.txt)|*.txt|" & _ 
"Tots (*.*)|*.*" 
CommonDialog1.FilterIndex = 1 
CommonDialog1.ShowOpen 
path2 = CommonDialog1.FileName 
procOberturaFitxer 
ManipularErrorObrir: 
End Sub 
 
Private Sub obrirconjunt_Click() 
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auto = True 
On Error GoTo ManipularErrorObrir 
CommonDialog1.Orientation = cdlLandscape 
CommonDialog1.CancelError = True 
CommonDialog1.Filter = "Fitxer de text (*.txt)|*.txt|" & _ 
"Tots (*.*)|*.*" 
CommonDialog1.FilterIndex = 1 
CommonDialog1.ShowOpen 
path2 = CommonDialog1.FileName 
procOberturaFitxer 
ManipularErrorObrir: 
End Sub 
Private Sub sortir_Click() 
End 
End Sub 
 
 
form2.frm 
 
Private Sub Command2_Click() 
Unload Me 
End Sub 
 
Private Sub Command3_Click() 
 
If Combo1 = "" Then 
    MsgBox "Indicar l'exemplar amb el que es vol treballar", vbOKOnly, "Entrada no vàlida" 
    exemple = Combo1 
Else 
    exemple = Combo1 
    procLecturaComandesAuto (exemple) 
    Unload Me 
    Form9.Show 
End If 
End Sub 
 
Private Sub Form_Load() 
Dim i As Integer 
Form2.Caption = "Elecció d'exemplar" 
Label1.Caption = "Escull un dels " & n_exemplars & " conjunts de dades dels que consta " 
& path & "." 
 
For i = 1 To n_exemplars 
    Combo1.AddItem i 
Next 
Combo1 = 1 
End Sub 
 
 
form3.frm 
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Private Sub Form_Load() 
Dim i As Integer, i2 As Integer 
MDIForm1.ProgressBar1.Visible = False 
MDIForm1.StatusBar1.Visible = True 
MDIForm1.StatusBar1.Panels(1).Text = "Exemplar #" & exemple & ": m=" & n_maquines 
& ", n=" & n_productes & ", z=" & n_comandes & "." 
MDIForm1.StatusBar1.Panels(2).Visible = False 
MDIForm1.StatusBar1.Panels(3).Visible = False 
Form3.Caption = "Dades de l'exemplar #" & exemple 
 
Label1(0).Caption = "Temps de producció" 
Label1(1).Caption = "Taula de comandes" 
 
MSHFlexGrid1.Rows = n_maquines + 1 
MSHFlexGrid1.Cols = n_productes + 1 
MSHFlexGrid1.BorderStyle = flexBorderNone 
MSHFlexGrid2.BorderStyle = flexBorderNone 
MSHFlexGrid3.BorderStyle = flexBorderNone 
For i = 0 To n_productes + 1 
    MSHFlexGrid1.ColWidth(i) = 500 
Next 
 
For i = 0 To n_maquines 
    For i2 = 0 To n_productes 
    MSHFlexGrid1.Row = i 
    MSHFlexGrid1.Col = i2 
    MSHFlexGrid1.CellAlignment = 4 
    If i = 0 Then 
        If i2 = 0 Then 
            MSHFlexGrid1.Text = "PT" 
        Else 
            MSHFlexGrid1.Text = "P" & i2 
        End If 
    Else 
        If i2 = 0 Then 
            MSHFlexGrid1.Text = "M" & i 
        Else 
            If m_pt(i, i2) <> 0 Then 
                MSHFlexGrid1.Text = m_pt(i, i2) 
            End If 
        End If 
    End If 
       
    Next 
Next 
 
'Escriptura de comandes 
 
MSHFlexGrid2.Rows = n_comandes + 1 
MSHFlexGrid2.Row = 0 
MSHFlexGrid2.Col = 0 
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MSHFlexGrid2.CellAlignment = 4 
MSHFlexGrid2.Text = "Comanda" 
 
MSHFlexGrid2.Col = 1 
MSHFlexGrid2.Text = "Producte" 
 
MSHFlexGrid2.Col = 2 
MSHFlexGrid2.Text = "Quantitat" 
 
MSHFlexGrid2.Col = 3 
MSHFlexGrid2.Text = "Due date" 
 
For i = 1 To n_comandes 
    MSHFlexGrid2.Row = i 
    For i2 = 0 To 3 
        Select Case i2 
            Case 0 
                comandes(i).nombre = i 
                MSHFlexGrid2.Col = 0 
                MSHFlexGrid2.CellAlignment = 4 
                MSHFlexGrid2.Text = "C" & comandes(i).nombre 
            Case 1 
                MSHFlexGrid2.Col = 1 
                MSHFlexGrid2.CellAlignment = 4 
                MSHFlexGrid2.Text = comandes(i).producte 
            Case 2 
                MSHFlexGrid2.Col = 2 
                MSHFlexGrid2.CellAlignment = 4 
                MSHFlexGrid2.Text = comandes(i).quantitat 
            Case 3 
                MSHFlexGrid2.Col = 3 
                MSHFlexGrid2.CellAlignment = 4 
                MSHFlexGrid2.Text = comandes(i).due_date 
        End Select 
    Next 
Next 
 
'Valors per defecte 
Select Case n_maquines 
    Case 3 
        m4.Visible = False 
        m5.Visible = False 
        m6.Visible = False 
        m7.Visible = False 
        m8.Visible = False 
        m9.Visible = False 
        m10.Visible = False 
    Case 4 
        m5.Visible = False 
        m6.Visible = False 
        m7.Visible = False 
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        m8.Visible = False 
        m9.Visible = False 
        m10.Visible = False 
    Case 5 
        m6.Visible = False 
        m7.Visible = False 
        m8.Visible = False 
        m9.Visible = False 
        m10.Visible = False 
    Case 6 
        m7.Visible = False 
        m8.Visible = False 
        m9.Visible = False 
        m10.Visible = False 
    Case 7 
        m8.Visible = False 
        m9.Visible = False 
        m10.Visible = False 
    Case 8 
        m9.Visible = False 
        m10.Visible = False 
    Case 9 
        m10.Visible = False 
End Select 
procMatriuTempsCanvi 1 
m1.Checked = True 
End Sub 
 
 
 
 
Private Sub m1_Click() 
procMatriuTempsCanvi 1 
m1.Checked = True 
m2.Checked = False 
m3.Checked = False 
m4.Checked = False 
m5.Checked = False 
m6.Checked = False 
m7.Checked = False 
m8.Checked = False 
m9.Checked = False 
m10.Checked = False 
End Sub 
 
Private Sub m10_Click() 
procMatriuTempsCanvi 10 
m1.Checked = False 
m2.Checked = False 
m3.Checked = False 
m4.Checked = False 
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m5.Checked = False 
m6.Checked = False 
m7.Checked = False 
m8.Checked = False 
m9.Checked = False 
m10.Checked = True 
End Sub 
 
Private Sub m2_Click() 
procMatriuTempsCanvi 2 
m1.Checked = False 
m2.Checked = True 
m3.Checked = False 
m4.Checked = False 
m5.Checked = False 
m6.Checked = False 
m7.Checked = False 
m8.Checked = False 
m9.Checked = False 
m10.Checked = False 
 
End Sub 
 
Private Sub m3_Click() 
procMatriuTempsCanvi 3 
m1.Checked = False 
m2.Checked = False 
m3.Checked = True 
m4.Checked = False 
m5.Checked = False 
m6.Checked = False 
m7.Checked = False 
m8.Checked = False 
m9.Checked = False 
m10.Checked = False 
 
End Sub 
 
Private Sub m4_Click() 
procMatriuTempsCanvi 4 
m1.Checked = False 
m2.Checked = False 
m3.Checked = False 
m4.Checked = True 
m5.Checked = False 
m6.Checked = False 
m7.Checked = False 
m8.Checked = False 
m9.Checked = False 
m10.Checked = False 
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End Sub 
 
Private Sub m5_Click() 
procMatriuTempsCanvi 5 
m1.Checked = False 
m2.Checked = False 
m3.Checked = False 
m4.Checked = False 
m5.Checked = True 
m6.Checked = False 
m7.Checked = False 
m8.Checked = False 
m9.Checked = False 
m10.Checked = False 
 
End Sub 
 
Private Sub m6_Click() 
procMatriuTempsCanvi 6 
m1.Checked = False 
m2.Checked = False 
m3.Checked = False 
m4.Checked = False 
m5.Checked = False 
m6.Checked = True 
m7.Checked = False 
m8.Checked = False 
m9.Checked = False 
m10.Checked = False 
 
End Sub 
 
Private Sub m7_Click() 
procMatriuTempsCanvi 7 
m1.Checked = False 
m2.Checked = False 
m3.Checked = False 
m4.Checked = False 
m5.Checked = False 
m6.Checked = False 
m7.Checked = True 
m8.Checked = False 
m9.Checked = False 
m10.Checked = False 
 
End Sub 
 
Private Sub m8_Click() 
procMatriuTempsCanvi 8 
m1.Checked = False 
m2.Checked = False 
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m3.Checked = False 
m4.Checked = False 
m5.Checked = False 
m6.Checked = False 
m7.Checked = False 
m8.Checked = True 
m9.Checked = False 
m10.Checked = False 
 
End Sub 
 
Private Sub m9_Click() 
procMatriuTempsCanvi 9 
m1.Checked = False 
m2.Checked = False 
m3.Checked = False 
m4.Checked = False 
m5.Checked = False 
m6.Checked = False 
m7.Checked = False 
m8.Checked = False 
m9.Checked = True 
m10.Checked = False 
 
End Sub 
 
Private Sub sortir_Click() 
Unload MDIForm1 
End Sub 
 
 
form9.frm 
 
Private Sub Command1_Click() 
Form12.Show 
End Sub 
 
Private Sub Command2_Click() 
Unload Me 
End Sub 
 
Private Sub Command3_Click() 
Dim regen_aux As Integer 
 
If Not auto Then 
    If Form9.Option5.Value Then 
        regeneracions = n_comandes 
    Else 
        If Form9.Option6.Value Then 
            regeneracions = 2 * n_comandes 
        Else 
Pàg. 72 Procediments heurístics de programació de comandes en diferents màquines amb temps de preparació depenents de la seqüència 
 
            If Form9.Option13.Value Then 
                regeneracions = 3 * n_comandes 
            Else 
             
                If Form9.Text1.Text > 0 Then 
                    regeneracions = Form9.Text1.Text 
                Else 
                MsgBox "Introduir un valor vàlid.", vbCritical, "Valor incorrecte" 
                End If 
            End If 
        End If 
    End If 
    If Form9.Option7.Value Then 
        If Val(Form9.Text1.Text) > 100 Then 
            MsgBox "Introduir un valor inferior a 100.", vbInformation, "Valor incorrecte" 
        End If 
    End If 
End If 
 
creuament2p = Form9.Option4.Value 
If Form9.Option11.Value Then 
    heuristicaAED = False 
Else 
    heuristicaAED = True 
End If 
If Form9.Option1.Value = True Then 
    poblacio_ga = 10 
Else 
    If Form9.Option2.Value = True Then 
        If n_comandes Mod 2 = 1 Then 
            poblacio_ga = (n_comandes - 1) / 2 
        Else 
            poblacio_ga = n_comandes / 2 
        End If 
    Else 
        If Form9.Option10.Value = True Then 
            If n_comandes Mod 2 = 1 Then 
                poblacio_ga = n_comandes - 1 
            Else 
                poblacio_ga = n_comandes 
            End If 
        End If 
    End If 
End If 
             
fitness_c_max = Form9.Option9.Value 
mutacio_monoprocessador = Form9.Check1.Value 
prob_mutacio = (Form9.Combo2.Text) / 100 
Form9.Hide 
sortir: 
Form1.dades_exemplar.Enabled = True 
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Form1.exec.Enabled = True 
End Sub 
 
Private Sub Command4_Click() 
Form13.Show 
End Sub 
 
Private Sub Command5_Click() 
Form14.Show 
End Sub 
 
Private Sub Form_Load() 
Dim i As Integer 
 
Form9.Caption = "Configuració" 
Form9.Combo2.Text = 10 
Form9.Text1.Enabled = False 
Form9.Command4.Enabled = False 
Form9.Command5.Enabled = True 
For i = 0 To 40 Step 10 
    Form9.Combo2.AddItem i 
Next 
 
creuament2p = True 
 
Form9.Text1.Text = "" 
 
End Sub 
 
Private Sub Option3_Click() 
creuament2p = False 
End Sub 
 
Private Sub Option4_Click() 
creuament2p = True 
End Sub 
 
Private Sub Option5_Click() 
Form9.Text1.Enabled = False 
End Sub 
 
Private Sub Option6_Click() 
Form9.Text1.Enabled = False 
End Sub 
 
Private Sub Option7_Click() 
Form9.Text1.Enabled = True 
End Sub 
 
Private Sub Option8_Click() 
Form9.Command4.Enabled = False 
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End Sub 
 
Private Sub Option9_Click() 
Form9.Command4.Enabled = True 
End Sub 
 
Private Sub Text1_KeyPress(KeyAscii As Integer) 
Dim car As String * 1 
car = Chr(KeyAscii) 
If (car < "0" Or car > "9") And car <> ":" Then 
    Beep 
    KeyAscii = 0 
End If 
End Sub 
 
form12.frm 
 
Private Sub Command1_Click() 
creuament = (Form12.HScroll1.Value) 
diferenciacio = Form12.HScroll4.Value 
Unload Me 
End Sub 
 
Private Sub Command2_Click() 
Unload Me 
End Sub 
 
Private Sub Form_Load() 
Dim i As Integer, a As Integer, b As Integer 
Form12.Caption = "Configuració creuament" 
Form12.HScroll1.Value = 80 
Form12.Label3.Caption = Form12.HScroll1.Value & "%" 
Form12.HScroll4.Value = 20 
Form12.Label7.Caption = Form12.HScroll4.Value & "%" 
End Sub 
 
Private Sub HScroll1_Change() 
Form12.Label3.Caption = Form12.HScroll1.Value & "%" 
End Sub 
 
Private Sub HScroll2_Change() 
Dim a As Integer, b As Integer 
 
If creuament2p Then 
    If Form12.HScroll2.Value < Form12.HScroll1.Value + 5 Then 
        Form12.HScroll1.Value = Form12.HScroll2.Value - 5 
    End If 
End If 
If creuament2p = False Then 
    Form12.HScroll3.Max = Int(n_comandes * (Form12.HScroll1.Value / 100) + 0.5) - 1 
Else 
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    a = Int(n_comandes * (Form12.HScroll1.Value / 100) + 0.5) - 1 
    b = (n_comandes - Int(n_comandes * (Form12.HScroll2.Value / 100) + 0.5)) - 1 
    Form12.HScroll3.Max = fnMinim(a, b) 
    Form12.HScroll3.Min = 0 
    Form12.HScroll3.SmallChange = 1 
    Form12.HScroll3.LargeChange = 5 
End If 
End Sub 
 
Private Sub HScroll3_Change() 
If Form12.HScroll3.Value > 0 Then 
    Form12.Label6.Caption = "+/-" & Form12.HScroll3.Value 
Else 
    Form12.Label6.Caption = "0" 
End If 
End Sub 
 
Private Sub HScroll4_Change() 
Form12.Label7.Caption = Form12.HScroll4.Value & "%" 
End Sub 
 
form13.frm 
Private Sub Command1_Click() 
w1 = (Form13.HScroll1.Value) / 100 
w2 = 1 - w1 
Unload Me 
End Sub 
 
Private Sub Command2_Click() 
Unload Me 
End Sub 
 
Private Sub Form_Load() 
Dim a As Integer, b As Integer 
a = 80 
b = 20 
Form13.Label3.Caption = a & "%" 
Form13.Label5.Caption = b & "%" 
Form13.HScroll1.Value = 80 
End Sub 
 
Private Sub HScroll1_Change() 
a = Form13.HScroll1.Value 
b = 100 - a 
Form13.Label3.Caption = a & "%" 
Form13.Label5.Caption = b & "%" 
End Sub 
 
 
form14.frm 
Private Sub Command1_Click() 
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If Form14.Option1.Value Then 
    sentit_AED = True 
Else 
    sentit_AED = False 
End If 
Unload Me 
End Sub 
 
Private Sub Command2_Click() 
Unload Me 
End Sub 
 
 
mdiform1.frm 
Private Sub MDIForm_Load() 
MDIForm1.Caption = "Pro Scheduling v 1.0.1" 
Load Form1 
End Sub 
 
Private Sub MDIForm_Unload(Cancel As Integer) 
For i = Forms.Count - 1 To 0 Step -1 
    Unload Forms(i) 
Next 
End Sub 
 
